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T».'0  eclipsing  binary  stars  were  observ-e-.l  photoolectrlcally  using 
the  thirty-inch  reflecting  tolcscopa  of  the  Unlvei\-3ity  of  F3.orlda  at 
the  RoBemary  Hill  Observatory.  The  entire  ll^ht  variation  of  each  &tar 
was  meesurod  in  three  colors,  and  a  total  of  over  1,400  useful  obser- 
vations vore  made.  A  period  study  VJis  imdertaken  for  each  star,  and 
soluticas  of  the  light  curves  were  found  based  upon  the  Ruseell-Merrlll 
siodel. 

The  star,  A4  Ceti,  was  found  to  be  a  variable  by  the  author  in  a 
routiiie  search  of  sky  patrol  plates  at  the  Dr.  Remeis  Stenurarte,  Bam- 
berg, West  Gernany,  It  is  the  brighter  conpcuient  of  the  visual  binary 
Aitken  I58I.  Photoiaatric  Eeasurenents  durinp;  the  winters  of  1971  and 
1972,  combined  with  times  of  faint  light  froii  the  Bamberg  plates, 
showed  the  orbital  period,  of  the  system  to  be  0?53^17353  ±  0^00000050 
p.e.  llie  light  cur-ves  which  were  constructed,  displayed  W  UMa-typ©  var- 
iations. The  total  secondary  eclipse  was  flat  at  yellow  and  blue  wave- 
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lengths,  but  the  system  became  significantly  fainter  in  ultraviolet 

light  as  the  total  phase  progressed.  The  light  curves  were  rectified 

to  spherical  star  systeiis  so  that  the  Russell-Meixill  laodel  could  be 

applied.  Tlie  resulting  solutions  indicated  that  the  secondary  eclipse 

Has  an  occultation  and  that  the  stars  were  unusually  different  in  size 

for  this  type  of  binary  system.  Although  the  solutions  were  not  de- 

finitivo,  partly  due  to  the  sKedl  depth  of  the  rectified  eclipses,  a 

general  description  of  the  system  hos   been  determined  and  is  siunmariaed 

by  the  folloving  elonents  of  the  prolate  ellipsoid  nodel  averaged  over 

the  three  Kavelength  bands t  a  -  0.53,  £■  «  0.18,  e  ■=  O.I6,  j  «  76??, 

6         s 

L  "^  0.920,  &rA   L^  «*  0.0&3.  The  maxlna  after  primary  eclipse  v&a  dis- 
placed  from  a  phase  of  0?25  which  could  possibly  indicate  that  the 
orbits  are  elliptical. 

Althou^'h  UZ  Puppis  had  been  stiidicd  spectroscopically  and  photo- 
Eetrically  by  photographic  nethods,  no  reports  of  photoelectric  light 
curves  were  found  in  the  Florida  Card  Catalogue  of  Eclipsing  Binary 
Stai-3.  The  star  was  observed  photoelectrically  on  thirteen  nights. 
A  period  study  did  not  n^veal  a  significant  change  in  the  psricd  froia 
previously  published  values.  The  perlcd  derived,  fron  t'nls  photoelec- 
tric data  and  soes  old  tines  of  j!dnijr.uin  light  gave  a  refined  t^eriod 
of  0779'-J851B3  ±  o":0000000^.  The  light  curves  were  siuilsx  in  shape 
to  those  of  3  Lyrae  and  indicated  that  the  eclipses  Kere  partial.  The 
center  of  the  secondary  eclij^e  was  displaced  from  a  phase  of  O.5,  and 
the  star  sho«sd  a  significant  "periastron  effect."  Solutions  result- 
ing froa  tliis  investigation  indicated  that  the  secondaxy  ecliixae  was 
an  occultatlon  of  the  SEa3.1er  star  and  that  there  was  a  large  amount 
of  third  light  present  in  the  system.  Solutions  both  i^ith  and  without 

xiii 


the-  PSBumption  of  third  L*ght  were  found;  the  solutioi^  allowing  third 
light  resulted  in  the  following  elements  based  upon  the  prolate  ellip- 
soid model  errl  c.V!?rRg&d  over  the  tliree  wavelen^h  bands  i  a  «  0.37, 
R     '--  0.32,  e  -  0.14,  j  -  85?7,  L  -  0.505,  L  -  0.222,  and  L^  -  0.273. 

t>  B  S  J 

The  inclination  of  the  orbit  froa  this  solution,  cciabined  with  0. 
Strave's  rctdial  ve?.ocity  data,  gave  a  nass  for  e?vc!i  stoor  of  about  1.10 
and  an  orbital  seni -major  axis  of  approxinately  1.6  x  10    km. 
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CHAPTER  I 
INTRODUCTION 

In  1783  Goodricke  published  the  first  correct  interpretation  for 
the  light  variations  of  the  eclipsing  "binary  st8x,  AI50I.  He  explained 
that  the  periodic  decrease  in  brightness  of  1.2  magnitudes  folloued  by 
a  retvim  to  nomal  light  vithin  about  ten  hours  could  be  caused  by  the 
eclipse  of  one  star  by  another  body.  His  insight  (at  the  young  age  of 
nineteen)  began  a  new  field  of  study  which  has  j-lelded  a  tremendous  a- 
mount  of  inforaation  about  the  stars.  IIov;cver,  I90  years  later  one 
finds  that  a  great  inany  old  questions  remain  unoxjsKered,  e.g.,  the 
strange  light  variations  of  the  bright  systen  p  Lj-rae,  In  addition, 
new  problems  have  arisen  largely  due  to  the  rapid  increase  in  the  nim- 
ber  of  binary  sjnsteas  discovered  and  the  iEiprovement  in  the  state-of- 
the-art  of  photometric  and  spectroscopic  instrumentation. 

A  binexy  star  systea  is  defined  here  as  two  stars  which  are  close 
enough  in  space  to  appreciably  affect  one  another's  motion  by  their 
g-ravitational  fields.  If  the  inclination  of  the  plane  of  the  orbit 
with  respect  to  the  plane  of  the  sky  is  close  enough  to  ninety  degrees, 
each  star'  vill  alternately  eclipse  the  other  with  the  subsequent  loss 
of  light.  Just  how  smsll  the  inclination  can  be  and  still  cause  e- 
clipses  dspsads  upon  the  siises  of  the  two  start,  relative  to  their 
separation. 

There  ero  several  definitions  of  a  "close"  bin-ccy  star  system  in 


use  today.  In  the  broadest  sense,  a  ■binj;ry  star  syaten  5,g  considered 
close  if  the  two  stars  are  close  enoxigh  to  s-ffect  one  another's  evo- 
lution at  some  point  In  their  lifetimes.  This  definition,  proposed 
by  Plavec  (1970),  allows  stars  separated  by  many  astronomical  units 
to  be  considered  close.  In  photometric  Investigations  of  ecllpGing 
binary  stars  the  term  "close"  usually  describes  a  system  which  shoira 
large  light  variations  due  to  the  chaji^i-sg  aspect  of  stars  which  ore 
tidally  distorted  by  one  ajiother.  In  this  investigation  the  latter 
more -restricted  definition  will  be  assumed  unless  otherwise  stated. 
In  recent  years  the  number  of  known  eclipsing  binary  stars  hag 
increased  very  rapidly  due,  in  part,  to  photographic  sky  patrols  such 
as  the  one  at  the  Dr.  Kernels  Stemvrerte,  Bamberg,  Vest  Germany,  which 
is  described  In  the  next  chapter.  The  dramatic  increase  in  the  es- 
timates of  tlie  percentage  of  all  stars  which  are  actually  multiple 
steor  systems  has  stimulated  interest  in  the  field.  Other  relatively 
recent  developments  have  led  to  a  greater  emphasis  on  the  study  of 
close  binary  systems  and,  in  psorticulejr,  eclipsing  systems i  (l)  tho 
development  of  the  photomultiplier  tube,  which  has  made  possible 
photometric  measurements  routinely  more  precise  than  0,01  magnitude 
in  typical  cases,  thus  making  pliotomotricatlly  deteriained  physical 
parameters  for  the  system  of  higher  precision  aivi  revealing  hereto- 
fore hidden  photometric  complications;  (2)  photometric  and  spectro- 
scopic evidences  of  gaseous  streams,  rings,  disks,  ?Jid  other  peculiar- 
ities in  the  system;  (3)  the  suggestions  that  seve?.'a3.  types  of 
cataclysmic  variable  stars  may,  in  fact,  all  ba  close  binarj-  systems, 
according  to  Plavec's  definition,  such  as  the  novae  (Starfield,  1971) 
and  the  U  Genainorum  stars  (Smak,  1969);  and  (^0  the  recent  discovery 


that  some  binary  stars  may  "be  radio  (e.g.,  Algol),  and  x-ray  sources. 

With  this  increased  activity  in  the  more  esoteric  phenomena  re- 
lated to  binary  stars  and  the  astrophysical  insight  which  can  be  ob- 
tained from  them  it  is  of  major  Importance  that  eclipsing  binary  stars 
provide  the  only  direct  method  available  for  determining  the  dimen- 
sions of  the  stars  (with  the  exception  of  the  sun  and  inferences  from 
interferometry  of  a  small  number  of  supergiant  stars).  Few  research 
efforts  in  astronomy  can  be  considered  more  important  or  fundamental 
than  finding  the  dimensions  of  the  stars  in  various  categories  and 
stages  of  evolution. 

The  dimensions  extracted  from  the  light  variations  are,  however, 
only  as   meaningful  as  the  model  assumed  in  the  analysis.  Some  models 
for  eclipsing  binao^r  systems  contain  simplifying  assumptions  which 
demand  that  they  be  applied,  in  general,  to  well-separated  binaries 
which  have  no  strange  peculiarities  in  their  light  variations.  The 
model  of  Russell  and  Merrill  (1952)  used  in  this  work  applies  to  this 
situation.   Since  the  majority  of  eclipsing  binary  stars  do  not  fit 
In  this  category,  schemes  have  been  developed  to  "rectify"  or  change 
the  system's  light  variations  to  ones  which  can  be  analyzed  with  a 
simple  model.  In  the  Russell- Merrill  model,  however,  a  third  light 
(light  which  is  emitted  from  a  source  other  than  one  of  the  two  stars 
mutually  eclipsing  one  ainother)  can  be  assumed.  This  assumption  adds 
another  degree  of  freedom  to  the  model  which  could  make  up  for  improper 
rectification  procedures  with  the  result  being  the  extraction  of  in- 
correct j^ysical  parameters  or  "elements"  for  the  system.  Many  times 
this  third  light  is  a  large  fraction  of  the  total  light  of  the  system 
and  is  not  "visible"  spectroscopically.  Though  today's  procedures  are 


undoubtedly  fex  from  being  perfect,  they  laust  be  applied  and  scruti- 
nized until  better  methods  can  be  developed  to  solve  close  binary  star 
light  curves. 

Now  models  have  been  developed  based,  for  example,  on  the  theore- 
tical structure  due  to  Lucy  (I968) ;  however,  these  models  are  imper- 
fect also.  Sooe  problems  in  the  analysis  of  close  binary  systems  may 
not  yield  to  any  models,  such  as  intrinsic  random  variability  of  the 
components  and  rapidly  changing  patterns  of  spots  (bright  or  dark)  on 
their  surfaces.  At  present  these  problems  are  generally  ignored  and 
averaged  to  give  some  mean  elements  based  upon  several  observing  ses- 
sions. For  lock  of  a  better  uivierstanding  of  close  binary  stars,  this 
seems  to  be  the  only  recourse. 

It  was  the  intention  of  this  work  to  investigate  the  light  varia- 
tions (including  period  studies)  of  two  eclipsing  binaries,  one  of 
which  was  discovered  to  be  a  variable  by  the  author.  The  t-nalysls  of 
the  light  curves  was  done  by  conventional  methods  using  the  Russell- 
KerriU  model.  Certainly  the  observations  of  this  epoch  will  con- 
tinue to  be  of  value  even  when  eclipsing  binaries  are  completely 
understood. 


CHAPTER  II 

INSTRUMENTATION  AND  OBSERVATIONS 

Dr.  Remeis  Sternweirte 

The  eclipsing  binetry  star  having  Baaberg  vaxiable  number  1^81, 
now  named  AA  Ceti  (Kukarkln  et  al. ,  1972),  was  discovered  to  be  vari- 
able by  "blinking"  sky  patrol  plates  at  the  Dr.  Remeis  Sternweccte, 
Bajmberg,  West  Germany.  In  this  process  two  photographic  plates  of  the 
same  area  of  the  sky  taken  at  different  times  were  viewed  alternately 
In  rapid  succession  through  a  microscope.  If  the  plates  were  of  simi- 
lax  quality  and  exposure,  those  objects  which  had  not  changed  in 
brightness  between  the  times  that  the  two  plates  were  exposed  displayed 
no  change  in  their  image.  Those  objects  which  had  varied  in  bright- 
ness appeared  to  "blink"  as  a  result  of  the  cheinge  of  plate  density 
and  image  diameter.  The  apparatus  employed  in  the  procedure  described 
above  is  shown  in  Figure  1. 

The  plates  were  taken  with  four-inch  f/6  Tessax  lenses  mounted 
either  in  six-camera  units  (at  the  Boyden  Observatory,  South  Africa) 
or  in  four-cajuera  units  (at  Mount  John  Observatory,  New  Zealand). 
Each  camera  covered  a  field  of  13°  x  13°,  and  the  optical  axes  of  the 
lenses  were  pointed  thirteen  degrees  apart  in  declination.  The  typi- 
cal one-hour  exposure  (one-half  hour  on  each  side  of  the  meridian) 
reached  a  photographic  magnitude  of  about  14.0. 

After  a  seajrch  wcls  made  of  the  star  catalosues  and  it  was 
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determined  that  the  object  had  not  been  identified  prev'iously  as  & 
vaariable,  the  author  then  assigned  &  Bamberg  variable  niuuber  to  the 
object,  and  a  survey  was  then  Bsade  of  all  available  plates  vhich 
contained  the  new  variable.  Such  a  search,  along  with  spectral  types 
available  fjx>m  star  catalogues,  gave  clues  as  to  the  nature  of  the 
variation.  For  exanple,  an  object  normally  at  naxinuia  brightness 
fading  only  occasionally  was  probably  an  Algol-t^^-pe  or  p  Lyrae-typo 
eclipsing  system.  Those  objects  wliich  spent  as  much  time  "bright" 
as  "faint"  wex-e  probably  either  W  UMa-type  eclipsing  stars  or  RJR 
Lyroe-type  utars.  Spectral  types  available  for  the  brighter  stars 
(usually  El  s:  9.0)  lent  some  key  as  to  the  nature  of  the  variability. 
Fx-om  the  times  of  faint  light  available  a  jvarlod  for  the  varia- 
tion was  derived.  This  was  done  cssentioJly  bj  trial  and  erroi" 
until  a  set  of  light  elements  vas   found  which  satisfied  all  avail- 
able data.  Unfoi'tunatelyf  the  poor  timo  preclfilon  of  photographic 
methods  often  led  to  many  possible  periods,  particularly  for  short 
period  systems. 

Rosemary  Hill  Observatory 

The  photoelectric  observations  were  made  with  the  thirty-inch 
Tinsley  roflecting  telescope  at  the  Roseaary  Kill  Observatory  of  the 
University  of  Florida.  Locattd  approxinately  tv:enty-five  niles 
southwest  of  Gainesville,  Floridsv,  the  twenty -six-foot  dome  was  con- 
structed on  a  natural  sand  ridge  at  an  elevation  above  sea  level  of 
about  130  feet,  which  is  approximately  fifty  feet  e.bove  the  surround- 
ing terrain.  The  elevation  offered  some  protection  from  early  nonx- 
ing  groimd  fog  so  corjinon  in  this  subtropical  climate.  This  pollution- 


free  rural  site  provided  a  very  dark  sky  often  of  photometric  q_uality. 
The  seeing  disks  were  typically  two  seconds  of  arc  in  diajceter.  Kany 
of  the  chciracteristics  of  this  location  have  recently  been  sunnaxized 
by  Dr.  A.  G.  Snith  (1972).  The  done  is  shown  in  Figure  2, 

The  photon:eter  base,  made  by  the  Astro  Mechanics  Company,  and  am- 
plifiers  were  attached  to  the  telescope  at  the  Cassegrain  focus  in  the 
configuration  shown  in  Figure  3.  After  passing  thro'ogh  a  wide-field 
viewing  mechanism,  the  f/l6  light  bea.-n  was  brought  to  a  focus  at  the 
diaphragn  entrance  to  the  photor.eter  by  moving  the  secondary  mirror 
parallel  to  the  optical  axis  of  the  telescope.  The  diaphragm,  used  to 
isolate-,  the  star  being  observed,  was  chosen  to  be  either  25.0  or  32.5 
seconds  of  arc  in  dietrneter  depending  upon  how  much  sky  brightness  had 
to  be  eliminated  to  achieve  a  reasonably  high  sky-plus-star  to  sky- 
brightness  ratio.  Ininedlately  after  the  diaphragm  in  the  optical  path 
was  a  small  mirror  which  could  be  placed  in  the  tessa   so  that  the  dia- 
phragm and  star  image  could  be  viewed  through  £ji  eyepiece  to  ass-xre 
proper  focus  and  centering  of  the  image.  PSter   being  reflected  by  two 
plane  mirrors,  the  bean  reached  a  six-position  filter  wheel  in  which 
were  placed  three  wide-bajid  transmission  filte).-^  (a  Corning  9S63,  a 
Coming  503O  and  Schott  GG  13,  and  a  Corning  33&^)  which  were  the  sajne 
filters  used  by  Johjison  and  Morgan  (1953)  in  the  establishment  of  the 
standard  UBV  photometric  system.  The  approxiiaate  effective  wavelengths 
of  the  Johnson-Morgan  system  are  5i;oOA,  4^0A,  and  365OA;  the  filters 
axe  characteristically  7OO  -  90OA  wide.  Of  course,  th^.   respojise  of  the 
system  vras  slightly  different  from  the  standard  system  primarily  due  to 
the  use  of  a  different  photomuitiplier  tube. 


Fig.  2.  The  dome  of  the  thirty-inch  reflecting  telescope 
at  the  Rosemary  Hill  Observatory 
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The  filtered  light  tossi  then  passed  throtigh  a  Fabry  lens,  which 
iaaged  the  light  on  the  photocathode  of  the  photoKultipller  tube,  and 
then  through  a  flat  glass  vindov;  at  the  entrace  to  the  "cold  box" 
which  housed  the  photomultiplier  tube.  An  EKI  6256  B  photomultiplier 
tube  was  used  dvirirv?  the  1971  obtjsrvationa  of  UZ  Puppis,  and  a  siMlar 
EMI  6256  S  was  used  for  all  the  other  observations.  These  are  two- 
inch-diayieter  thirteen-stt^e  tubes  with  S-I3  photo  cathodes.  Operated 
at  1,000  volts  (across  the  cathode,  djTiode  chain,  and  anode),  the  dark 
current  was  always  c-:r.all  coirj^irGd  to  the  star  or  sky  signal,  so  the 
tubes  were  operated  at  ajtbleJit  teiaperatur©  rather  than  cooling  with 
dry  ice.  The  signal  from  the  photoaultiplier  tube  was  then  amplified 
by  a  d/c  atiiplifior.  All  but  a  few  observations  were  Bade  uilh  the 
PA-1  amplifier  designed  by  J.  P.  Oliver  tuxl  constructed  n.t  the  Uni- 
versity of  Florida  for  the  purpcse  of  stellar  j^iotopietry.  The  output 
was  then  displayed  on  one  channel  of  the  HoneyTiell  ElcctroniK  I6  dual 
channel  strip  chart  recorder.  Tae   paper  transport  was  set  at  one 
Inch  per  minute  and  was  checked  several  tines  during  each  observing 
session  with  FWV,  the  natioiiol  tine  standard,  to  insure  that  all  tines 
were  accurate  to  better  thsn  five  seconds.  A  typical  example  of  a 
traciiig  is  shown  in  Figure  ^.  At  least  once  each  night  the  coarse 
gain  steps  of  the  PA-1  amplifier  were  calibrated  using  a  built-in  cur- 
rent source.  Fine  gain  stej>s  wore  acsuwed  to  be  of  constant  ccilibra- 
tion  since  very  stable  resistors  (5  ppm/'^G  djrift)  were  used  in  the 
construction.  A  calibration  made  by  D.  K.  Martins  under  typical  tew- 
peratujro  and  humidity  conditions  was  adopted.  Drift  of  the  resulting 
calibration  of  any  g?.iu  setting  uac  found  to  be  never  more  than  a  few 
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thousandths  of  a  nagnitiiie,  conpaxable  to  the  readiiig  error  of  the 
chart  recording,  so  a  Eean  calibration  was  used  for  all  the  obser- 
vations. 

Differential  Fnotoelcctric  Photometry 

The  differential  photoelectric  photometry  of  variable  stellar 
sources  is  a  veil-developed  procedure  capable  of  reaching  precisions 
of  the  Older  of  0,01  magnitude  or  better  with  a  minimum  of  sj-stem- 
atic  errors  (Wood.,  I963). 

Due  to  small  variations  in  the  transparency  of  the  atmosphere 
over  a  time  scale  of  minutes,  a  differentiaJ.  measurement  between  ft 
constant  or  "comparison**  source  (a  near-by  star)  arxi  the  variable 
star  waa  used  in  this  work.  In  this  procedure  the  light  of  the  com- 
parison star  was  measured  before  and  after  the  variable  stax,  and 
its  brightness  was  linearly  interpolated  to  the  variable  stex  read- 
ing so  that  &  direct  comparison  could  be  made.  This  was  done  for 
each  color,  independently.  It  was  common  practice  also  to  ma-ko  oc- 
casional measurements  of  another  star  to  "check"  the  constancy  of 
the  comparison  source.  Both  the  comparison  and  check  stars  were 
chosen  for  their  similarity  in  brightness  to  the  variable  in  order 
to  reduce  the  demands  of  changing  amplifier  gains  too  often  as  well 
as  for  their  similarity  in  color  to  simplify  the  reductions  (see 
Chapter  III). 

Of  course,  significant  transparency  variations,  perhaps  due  to 
a  thin  cloud,  over  a  period  of  time  shorter  thaja  the  time  between 
comparison  star  Esasurements  (typically,  three  to  ten  minutes)  re- 
sult in  an  increa-se  in  the  scatter  of  the  data.  In  addition  to  this 
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source  of  scatter,  aany  components  of  close  'binary  stars  have  teen 
knoKn  to  "be  intrinsically  variable  over  time  scales  of  hours  or  less. 
These  facts  contribute  to  the  difficulty  of  a  theoretical  error  anal- 
ysis of  photoelectric  data.  Further  discussion  of  errorB,  except  for 
chart  recorder  reading  errors  discussed  in  the  next  section,  vill  be 
postponed  until  a  discussion  of  the  light  curves. 

General  Observational  Procedues 

When  th«  image  of  a  star  was  centered  and  focused  in  the  dia- 
phragm of  thfc-  photometer,  readings  were  taken  in  yellow,  blue,  ajid 
then  ultraviolet  light.  Before  each  reading  the  cantering  of  the 
star  was  checked.  This  was  necessarj'  since  the  two  stars  of  this  in- 
vestigation were  always  at  a  large  zenith  angle  so  that  guiding  cor- 
rections had  to  be  made  due  to  variable  refraction  of  the  image 
passing  through  the  atmosphere,  A  thirty-  to  forty-five-socond  trac- 
ing W81S  normally  enough  to  establish  the  level  of  the  noisy  signal 
to  an  accuracy  of  about  ±0.2  units  (±0?002  at  full  scale  deflection) 
when  one  fitted  a  line  through  the  reading  by  eye.  Then,  in  reverse 
order,  the  sarie  amplifier  settings  were  used  to  measure  the  bright- 
ness of  the  Eky  (plus  dark  current  and  zero-point  of  the  recorder) 
near  the  steir.  This  procedure  was  followed  for  every  star  alternat- 
ing between  comparison  and  variable  stars  with  an  occasional  set  of 
deflections  for  the  check  stars  and  "standard"  stars.  On  eone  occa- 
sions when  th«  atmosphieric  transparency  was  reasonably  constant  and 
the  comparison  star  readings  were  not  changing  signlf icemtly  over  a 
period  of  about  five  minutes,  several  sets  of  deflections  ver©  taken 
on  the  variable  star  between  each  comparison  star  set.  In  all  cases 
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an  attempt  kbs  made  to  keep  the  deflections  nesur  full  scale  on  the 
checrt  recorder  since  the  inevitable  error  in  reading  the  chart  (ap- 
proximately ±0.2  units)  was  a  smaller  fraction  of  the  measurement 
at  full  scale  than  with  a  smaJLLer  signal.  Although  it  has  been 
sho>m  that  the  time  constant  of  the  noisy  signal  has  little  effect 
upon  the  reading  errors  (Young,  1968),  a  time  constant  of  0.5  sec- 
onds was  generally  used  as  a  comfortable  compromise  between  large 
"grass"  in  the  signal  and  too  much  smoothing,  which  could  mask  the 
effects  of  an  unphotonetric  sky. 

At  the  baglnning  of  an  observing  session  the  Universal  Time 
from  radio  station  KWV  was  marked  on  the  chart.  The  transport  rate 
of  the  paper  (one  inch  per  minute)  wa^  checked  during  the  session 
several  times.  Then  each  deflection  was  assigned  a  time  by  esti- 
mating the  center  of  the  measurement.  All  times  are  accurate  to 
better  than  five  seconds. 


CHAPTER  III 

REDUCTIONS  OF  THE  DATA 

ProllElnary  Steps 

The  tracinss  on  the  strip  chart  recording  were  measxired  using  a 
strip  of  clear  plastic  scribed  with  a  thin  dark  line.  The  line  was 
visually  fitted  to  the  signal,  and  the  deflection  was  estimated  to 
the  nearest  0.1  unit  on  a  full  scale  of  one  hundred  imits.  In  most 
cases  this  procedure  was  reproducible  to  within  ±0,2  xinits  so  that 
the  reading  error  for  a  deflection  near  full  scale  corresponded  to 
less  than  ±0.01  magnitude  in  most  cases.  This  same  measuring  tech- 
nique was  applied  to  the  sky  readings,  and  they  were  linearly  inter- 
polated to  the  star  readings.  Since  the  same  gain  was  used  for  the 
sky  and  steir  deflections,  a  direct  subtraction  could  be  made.  This 
difference  cmd  the  Universal  Time  at  the  mid-point  of  each  reading 
were  recorded  and  punched  on  computer  cards  for  fiurther  reductions 
which  were  done  primarily  on  the  IBM  36O/65  computer.  The  computer 
codes  were  initially  developed  at  the  University  of  Pennsylvania. 
Some  of  the  calculations  were  done  with  the  Hewlett-Packard  9820A 
calculator  at  the  Air  Force  Weapons  Laboratory,  Kirtland  Air  Force 
Base,  using  programs  written  by  the  author. 
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Differential  Kaj^nltudes 


The  first  step  in  the  computer  reductions  was  to  calculate  the 
first  order  extinction  coefficients  for  each  color  on  each  night. 
The  extinction  coefficients  were  derived  from  the  compstrison  star 
data.  Those  meeisurements  which  seemed  obviously  not  to  represent 
the  general  linear  extinction  were  removed,  arid  a  linear  least- 
squares  fit  to  the  reEiainlng  data  (as  a  function  of  airmass)  yielded 
the  extinction  coefficients.  Since  the  extinction  was  found  to  vary 
by  as  much  as  a  factor  of  two  from  one  night  to  the  next,  it  vas 
folt  that  ir^ean  coefficients  would  not  be  adequate.  This  policy  re- 
stricted useful  nights  to  those  in  which  enough  comparison  star  data 
was  taken  to  achieve  some  precision  in  the  deternlnation  of  the  ex- 
tinction coefficients. 

The  difference  in  nagnltude  between  the  comi^arison  and  variable 
star  (or  check  star)  was  calculated  allowing  for  differential  extinc- 
tion in  light.  If  one  defines  the  observed  magnitude  as  m  and  the 
magnitude  of  the  steir  outside  the  earth's  atmosphere  as  m  ,  then,  to 
a  good  approximation, 

»  »  ffi  +  kX 
o 

where  k  is  a  positive  number  In  units  of  ma^nltiides/alrmass  arid  X  is 
the  airmass.  The  observed  magnitude  is,  of  course,  deparident  upon 
the  gain  of  the  amplifier  (G),  which  Is  calibrated  in  magnitudes, 
and  the  deflection  (s),  such  that 

m  -=  G  -  2.5  log(s/lOO) 
For  these  calculations  the  expression  for  the  airmass  from  Hardie 
(1962)  was  usedi 
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X  =  sec  Z  -  O.OOl8l67(sec  Z  -  l)  -  0.002875(sec  Z  -  l)^ 
-  0.0008083(sec  Z  -  l)^ 
where  Z  Is  the  zenith  single  of  the  object.  The  zenith  ajigle  is  re- 
lated to  the  latitude  (^)  of  the  observer  sind  the  declination  (*)  and 
hour  angle  (h)  by- 
sec  Z  ■=  [(sin  4  sin  6)  +  (cos  ^  cos  6  cos  h)] 
The  differential  magnitude  between  the  compaxison  star  emd  variable 
star,  corrected  for  first  order  extinction,  is  then 

n    -m     =m    -m     +  k(X    -  X    ) 
var    coDip    var    comp     ^  vzx        comp 

Of  course,  k  would  be  different  in  wide-band  filter  photometry  for 
two  stars  of  widely  different  color.   In  this  work  the  compcirison 
stars  and  variable  stars  were  chosen  to  be  similar  in  color  so  that 
second  order  extinction  coefficients  would  be  smadl  and  could  be 
neglected.  In  this  way  the  differential  magnitudes  between  the  com- 
parison star  and  the  variable  and  check  stars  were  computed. 

Light  Time  Correction 

As  the  eeirth  moves  in  its  orbit,  the  distajice  from  the  object 
being  observed  changes.  Since  the  velocity  of  light  is  finite,  the 
position  of  the  earth  in  its  orbit  would  then  eiffect  the  timing  of 
an  event  such  as  am  eclipse.  To  avoid  this  confusion,  all  times 
were  reduced  to  the  arrival  time  of  the  signal  at  the  sun,  i.e.,  to 
heliocentric  time. 

Following  Binnendijk  (I960),  the  correction  added  to  the  re- 
corded geocentric  time  was  At,  where 
At  "  -0.005770  Xq(cos  5  cos  0-)  +  Y.(tan  e  sin  6  +  cos  6  sin  a) 
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where  X„  and  Y„  aire  the  Caxtesian  coordinates  of  the  sun,  a  and  6  the 
right  ascension  and  declination  of  the  variable  star  (precessed  to  the 
same  equinox  as  X-  amd  Y^.),  and  c  is  the  obliquity  of  the  ecliptic. 

The  Period 

Times  of  miniinum  light  were  found  in  t>fo  ways.  On  nights  when 
data  was  available  on  both  branches  of  an  eclipse,  the  Hertzsprung 
(1928)  method  of  finding  the  geometrical  center  of  the  eclipse  was 
used.  On  nights  when  data  was  available  on  only  one  branch,  the 
tracing  paper  method  was  used  to  visually  fit  the  partial  data  to  an 
eclipse  whose  mid-point  was  "known."  Since  this  method  is  less  pre- 
cise than  the  Hertzsprung  method.,  it  was  given  lower  weight  in  the 
calculations. 

If  a  preliminaxy  period  was  available  from  previous  work,  as  it 
wjis  for  UZ  Fuppis,  the  relative  cycle  (or  epoch)  of  each  time  of  min- 
imum could  be  calculated.  For  AA  Ceti,  however,  the  period  had  to  be 
estimated  such  that  phases  predicted  by  the  elements  agreed  with  all 
the  observations.  A  least-squares  calculation  was  performed  to  find 
the  period  (?)  and  the  initial  epoch  (T  )  (and  their  probable  errors) 
so  that  times  of  future  minima  (t)  could  be  predicted  by  the  equation 

T  =  T  +  P  .  E 
o 

where  E  is  obviously  the  number  of  cycles  since  the  initial  epoch. 

Light  and  Color  Curves 

Once  the  light  elements  were  found,  the  phase  of  each  point  was 
calculated  and  all  the  data  assembled  into  light  ciorves.  No  "night 
corrections"  or  adjustments  were  made  between  different  sets  of  data. 
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If  the  compaxison  stars  and  variable  stars  had  exactly  the  same 
color,  then  the  light  curves  could  be  subtracted  from  one  another 
directly  to  form  the  b-v  and  u-b  \'s.  phase  plots,  i.e.,  the  color 
curves.  Since  this  Is  raorely  the  case,  a  correction  shoxild  be  made 
for  each  night's  data  based  upon  standard  stars.  However,  these 
color-dependent  constants  were  considered  snail,  and  a  direct  sub- 
traction was  Bade. 


CHAPTER  IV 
AA  CETI 
History 

Tho  variable  star  BV  1^81  was  discovered  to  be  a  variable  star 
at  the  Dr.  Reineis  Stemwarte  in  a  routine  search  of  sky  patrol  plates 
(Bloomer,  1971a).  The  object  showed  an  amplitude  of  up  to  0.5  magni- 
tude, and  on  many  plates  (about  25  percent  of  them)  the  brightness 
was  below  maximum  light  by  a  significant  amount  indicating  that  the 
star  was  probably  either  a  RR  Lyrae-type  stax  or  a  short  period 
eclipsing  binary  star.  The  late  spectral  type  (F2)  tended  to  support 
the  latter  choice, 

A  set  of  light  elements  were  calculated  using  times  of  faint 
light  from  the  plates  (Bloomer,  1971b) j 

Min  I  =  JD  2440566  +  0?733282  •  E 
Subseq^uent  photometry  showed  these  elements  to  be  incorrect. 

K.  Locher  (1972)  published  a  light  curve  from  visuaJ.  estimates 
using  these  elements  and  pointed  out  that  the  eclipsing  component  is, 
in  fact,  a  member  of  a  visual  binary  system  (SAO  I67450/167451) .  The 
components  do  not  differ  greatly  in  brightness  (Amag  =a  O.5)  and  are 
separated  by  less  than  nine  seconds  of  arc.  He  further  identified 
the  variable  as  the  southern-most  component  of  the  visual  pair. 

Recently  BV  1481  was  named  AA  Geti  by  Kukarkin  et  al.  (1972). 
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The  catalogue  names  of  the  individual  stars  and  the  visual  pair 
as  well  as  the  coordinates  of  the  stars  are  given  in  Table  1. 

The  visual  binary  system  was  first  studied,  according  to  the 
literature,  in  1822  by  J.  Y.  W.  Herschel  and  James  South  (BurnhcLm, 
1880).  Since  then  nuiaerous  publications  concerning  this  pair  have 
revealed  no  significant  chaiige  in  the  separation  (slightly  less  tham 
nine  seconds  of  arc  accoi^ding  to  most  references)  or  position  angle, 
which  remains  near  306  degrees.  Some  of  these  references  and  their 
results  axe  given  in  Table  2.*     In  this  table  d  is  the  separation  of 
the  stars,  and  6  is  the  position  angle  of  the  fainter  star  with  re- 
spect to  the  brighter  one  and  is  measured  counterclockwise  from  the 
northern  direction.   The  proper  notions  in  both  right  ascension  and 
declination  are  so  similar  that  the  two  stars  are  undoubtedly  a 
physical  pair  with  a  vej-y  long  period.  The  proper  m.otion  of  the 
variable  and  companion  stars  accoiding  to  the  Smithsonian  Astro- 
physical  Observatory  Star  Catalog  axe 


%ar,«'^  ■»<5?0073/yr.  ±'.'010 

Oo..^   *=  +0?0057A'r.  f.'OlO 
comp,o' 


and 


°var,6  "^  ■^°"°'^^  ""°°'' 

O^^r^r,  *  =  +0V058  ±'.'00? 
comp, 6 

Since  no  photometric  studies  other  than  those  discussed  above 

were  found  in  the  brief  history  of  this  variable  star,  the  present 

investigation  was  begun  to  find  the  photometric  elements  for  the 

system. 


*It  is  interesting,  indeed,  that  the  variability  of  the  brighter 
component  was  not  mentioned  in  the  major  double  star  catalogues. 
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TABLE  2 
SOME  EARLY  OBSERVATIONS  OF  THE  DOUBLE  STAR  ADS  I58I 


Epoch  d 

1822.89  9V08 

1877.86  8V30 

1895.86  8V50 

1897.893  8V12 

1897.90^  8V49 

1902.895  8'.'4^ 

1916.  &4-  &'.%? 


e 

Magnitude 

Reference 

306?5 

8!'0-9?0 

Bumham  (I88O) 

305?0 



E\irnham  (I88O) 

30^?4 



Bumheun  (I88O) 

306?2 

7?0-7!'25 

Scott  (1899) 

306% 

7?0-7?25 

Scott  (1899) 

305?o 

7?o-A 

Scott  (1904) 

306?9    • 

7!'2-7^ 

Franks  (19I8) 
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Photoelectric  Observations 


Useful  photometric  observations  of  AA  Ceti  were  made  on  thirteen 
nights  during  1971  and  1792.  The  comparison  star  used  was  BD-21^352. 
As  a  check  on  its  constancy,  occasional  measiurenents  Kere  made  of  the 
check  star  BD-21°339  during  the  1972  observing  season.  The  catalogue 
names  and  the  position  of  these  stars  are  given  in  Table  1.  Figure  5 
Is  a  finding  chart  for  the  stars. 

As  mentioned  previously,  the  variable  star  is  the  brighter  com- 
ponent of  tire  visual  binary  Aitken  I58I.  Since  the  companion  star 
of  AA  Ceti  vas  so  close  (about  nine  seconds  of  arc),  it  was  imprac- 
tical to  attempt  to  separate  the  stars  in  the  diaphragm  of  the  pho- 
tometer, at  least  on  a  routine  basis,  so  the  great  majority  of  the 
measurements  vere  made  with  both  stars  in  the  diaphragm.  On  nights 
of  good  seeing  one  or  more  measurements  were  made  with  just  the  com- 
panion star  in  the  diaphragm.  This  was  done  to  have  an  empirical 
value  of  the  third  light  of  the  system  in  each  color  and  to  act  as  a 
check  on  possible  variability  of  the  companion  star.  In  addition  to 
these  special  measurements,  occasional  measurements  of  the  check 
star  were  made  to  check  the  constancy  of  the  comparison  star. 

The  first  step  of  the  reductions,  as  discussed  in  the  previous 
chapters,  was  to  find  the  first  order  extinction  coefficients  for 
each  color  on  each  night.  Observations  which  were  apparently  not 
the  result  of  smooth  extinction  effects  vere  removed  before  the  least- 
squares  fit  was  performed.  The  results  of  these  calcula-tions  (arid 
the  probable  errors)  are  given  in  Table  3  in  units  of  magnitudes  per 
unit  alrmass„  On  the  night  of  12-31-71/1-1-72  an  estimate  of  the 


Fig.  5.  A  finding  chart  for  AA  Cetl,  or  BV  1481,  arMi  the 
comparison  and  check  stars  used  in  this  investigation 
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TABLE  3 


FIRST  ORDER  EXTINCTION  COEFFICIENTS  AND  THEIR  PROBABLE  ERRORS 
USED  IN  THE  REDUCTION  OF  DATA  PERTAINING  TO  AA  CETI 


Date 

k 

V 

h 

K 

11/  5-  6/71 

0.356 
±.018 

0.517 
±.021 

0.923 
±.023 

11/  6-  7/71 

0.343 
±.015 

0.515 
±.027 

0.902 
±.032 

11/  8-  9/71 

0.^K)9 
±.025 

0.609 
±.028 

1.016 
±.029 

11/12-13/71 

0.243 
±.011 

0.394 
±.013 

0.777 
±.012 

11/25-26/71 

0.275 
±.020 

0.436 
±.019 

0.822 
±.027 

12/29-30/71 

0.274 
±.009 

0.437 
±.014 

0.812 
±.011 

12/31/71- 
1/1/72 

(est.)  0.35 

(est)  0.60 

(est.)  1.00 

9/  2-  3/72 

0.451 
±.031 

0.693 
±.035 

1.099 
±.010 

9/  4-  5/72 

0.260 
±.035 

0.422 
±.023 

0.780 
±.067 

10/28-29/72 

0.253 
±.026 

0.406 

±.043 

O.8O5 
±.059 

10/29-30/72 

0.230 
±.019 

0.391 
±.022 

0.767 
±.030 

11/  8-  9/72 
East  Side 

0.244 
±.021 

0.368 
±.011 

0.721 
±.070 

West  Side 

0.157 
i.028 

0.286 
±.021 

0.670 
±.015 

*12/  8-  9/72 

0.313 
±1.169 

0.475 
±1.480 

No  usable 
data 

♦Very  poor  quality  data 
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extinction  vas  made  due  to  the  lack  of  data  necessaxy  to  perforin  a 
meaningful  least-squaxes  fit.  With  these  extinction  coefficients  the 
differential  nagnitudes  between  the  comparison  stax  ajid  the  combined 
variable  and  companion,  companion,  and  check  stars  were  calculated  as 
described  in  Chapter  III. 

Table  l-i-   lists  the  differential  magnitudes  (Ameig)  between  the  com- 
parison star  and  check  star.  It  is  defined  &s   the  ma^itude  of  the 
check  star  minus  the  comparison  star.  The  probable  errors  listed  at 
the  lottoiri  of  each  columji  axe   the  maximum  likely  intrinsic  variations 
of  the  comparison  star  or  the  check  star.  They  are  sufficiently  small 
that  it  can  be  said,  at  least  on  nights  of  observation,  that  the  com- 
paorison  star  was  suitably  constant. 

In  an  attempt  to  find  an  empirical  value  for  the  third  light  of 
the  system  (that  of  the  companion  star) ,  occasionaJ.  measurements  were 
made  on  nights  of  good  seeing.  Unfortunately,  nights  of  good  seeing 
were  often  of  poor  photometric  quality.  For  example,  a  thin  layer  of 
clouds  may  cause  reduction  of  turbulence,  thus  improving  the  seeing, 
but  these  clouds  also  cause  a  varying  transparency  of  the  atmosphere 
making  the  night  of  poor  photometric  quality.  Also  the  quality  of 
the  tracing  (due  to  imperfect  centering  of  the  corapainion  star  while 
attempting  to  prevent  light  of  the  variable  star  from  "leaking  in") 
was  critical.  For  these  two  reasons,  each  measurement  was  weighted 
with  a  number  between  one  and  five  giving  some  indication  of  the 
quality  of  the  observation  due  to  the  photometric  quality  of  the 
night  and  the  quality  of  the  tracing.  The  product  of  these  two  num- 
bers (divided  by  ten)  was  the  adopted  weight  for  the  measurement  in 
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TABLE  4 


THE  DIFFERENTIAL  MAGNITUDES  BETWEEN  THE  GOMPAKESON  AND  CHECK  STARS 
USED  DURING  THE  PHOTOMETRIC  INVESTIGATION  OF  AA  CETI 


Date 

Mag^ 

Amag^ 

Amag^ 

9/  2-  3/72 

0.692 
0.721 
0.668 

0.679 
0.644 

0.694 
0.678 

9/  ^  5/72 

0.698 

0.671 

0.685 

*10/l4-15/72 

0.662 

0.645 

0.664 

♦10/16-17/72 

0.733 

0.701 

0.692 

10/28-29/72 

0.712 

0.676 

0.662 

10/29-30/72 

0.703 
0.703 

0.664 
0.676 

0.690 

11/  8-  9/72 

0.718 
0.700 
0.699 

0.681 
0.665 
0.667 

0.699 
0.677 
0.681 

*12/  8-  9/72 

0.675 

0.689 

«-» 

*12/  9-10/72 

0.704 

0.649 

0.641 

Average 

0.704 

0.670 

0.680 

Probable  Error 

±.012 

±.010 

±.010 

*VGry  poor  night;  one-half  weight 
♦*No  extinction  infora-ation 
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TABLE  5 


THE  DIFFERSI'JTIAL  MAGNITUDES  BETWEEN  THE  COMPANION  AND  COKPAEISON  STAiJS 
AND  THE  WEIGHTS  USED  FOR  EACH  MEASUREMEIrt" 
TO  CALCULATE  THE  AVERAGE  AND  PROBABLE  ERROR 


Date                       ^ag^  Amag^               ^ag               Weight 

11/12-13/71               0.218  _                                                     1.0 

0.302  1.5 

0.307  2.0 

0.359  1.0 

0.367  1.0 


11/25-26/71             0.385  0.5 

0.352  0.5 

12/29-30/71      0.252  0.314  0.424  2.0 

0.231  0.295  0.412  2.5 

12/31/71- 

1/1/72      0.254  0.298  0.394  2.0 

9/  2-  3/72      0.287  0.318  0.438  0.3 

9/4-5/72              0.191  0.251     "         0.428  0.9 

10/14-15/72      0.185  0.191  0.289  0.4 

0.162  0.207  0.316  0.4 

10/16-17/72              0.206  0.243  0.342  0.8 


10/29-30/72 

0,242 
0.269 

0.335 
0.355 

0.429 
0.448 

1.2 
1.2 

11/  s-  9/72 

0.233 

0.321 

0.437 

2.5 

Average 

0.264 

0.300 

0.411 

Probable  Eixor 

±.036 

±.026 

i.025 
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each  color,  and  that  nuia'ber  is  given  in  Table  5  along  with  the  indi- 
vidual observations,  their  weighted  averages  and  probable  errors. 
The  differential  magnitudes  axe  defined  in  the  sense  of  companion 
star  minus  comparison  star. 

It  is  apparent  from  the  probable  errors  shown  in  Table  5  that 
there  is  a  great  deal  of  scatter  in  the  data  possibly  due  to  the  dif- 
ficulty of  the  neasiiremont.  However,  the  uncertainty  in  the  third 
light  which  was  subtracted  in  the  yellow  results  in  a  probable  error 
In  the  depth  of  the  primsiry  ecDipse  of  only  ±0.017  magnitude  for  the 
final  light  curve.  Likewise  for  the  blue  and  ultraviolet  the  uncer- 
tainty in  the  final  prinary  eclipse  depths  aire  only  ±0.011  suid  ±0.010 
magnitudes  respectively.  A  careful  study  of  the  correlation  of  the 
apparent  "fluctuation"  of  the  conpajiion  star's  light  from  these  meas- 
urements with  respect  to  scatter  in  the  light  curve  of  both  stars  of 
the  visuaQ.  binary  seems  to  indicate  that  the  variations  are  not  "real," 
i.e.,  not  attributable  to  intrinsic  variations  of  the  compcinion,  but 
rather  caused  by  the  difficulty  of  the  measurement.  The  apparent 
fading  trend  of  the  companion  star  on  the  night  of  ll/l2-13/71t  how- 
ever, is  difficult  to  expladn  in  terms  of  observational  difficulties 
which  would  cause  random  scatter  in  the  measurements.  It  would  appear 
then  that  extensive  measurements  should  be  made  of  the  companion  star 
if  improvement  in  the  light  curve  of  the  visual  binary  system  is  at- 
tempted. Since  these  measurements  do  not  demonstrate  that  the  "fluc- 
tuations" of  the  light  of  the  corapainion  are  systematic,  it  will  be  as- 
sumed here  that  the  compsjiion  star  represented  a  constajit  source  of 
light.  The  best  values  of  the  third  light  given  in  Table  5  were  then 
subtracted  to  give  the  light  of  the  variable  component  alone. 
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Light  Elenents 

As  was  pointed  out  in  a  previous  section,  preliminary  light 
elements  were  found  based  upon  times  of  faint  light  on  the  Bamberg 
plates.  Subsequent  photoelectric  observations  showed  these  ele- 
ments to  be  incorrect. 

Individual  times  of  mid-eclipse  were  deterrained  from  the 
photoelectric  data  by  the  Hertzsprung  (1928)  method  if  sirfficient 
data  was  available  on  both  branches  of  the  eclipse.  Otherwise, 
an  estimate  was  made  using  the  tracing  paper  method  of  fitting  the 
partial  data  to  an  eclipse  whose  mid-point  was  "known. "  The  ap- 
proximate period  was  found  by  assuwing  for  each  available  pair  of 
times  that  exactly  n  cycles  (for  two  primary  minima  or  two  secon- 
dary minima)  or  n  plus  one-half  cycles  (for  a  primary  aM  a  se- 
condary) had  taJcen  place.   Solving  for  several  values  of  n  (for 
each  pair)  revealed  one  common  period  in  the  vicinity  of  0.5  to 
1.25  days.  With  this  approximation  the  epoch  of  each  observed  e- 
clipse  was  determined,  and  a  linear  least-squares  calculation  was 
done  to  refine  the  elements.  The  final  set  of  elements  were  cal- 
culated using  the  best  times  avcdlable  from  the  Bamberg  plates  and 
all  the  photoelectric  times  of  minimum  light  weighted  as  shown  in 
Table  6  (Bloomer,  1972a).  The  final  light  elements  (and  probable 
errors)  derived  for  this  system  were 

Kin  I  =  JD(hel.)  24^1268.6869  +  0?536l7353  .  E 

±.0007   ±.00000050 
The  observed  minus  the  calculated  times  of  minimum  light  given  in 
Table  6  are  plotted  in  Figures  6  and  7. 
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TABLE  6 


TIHKS 

OF  MINIMUM  LIGHT 

OF  AA  CtTI 

AND  THE  WEIGHTS 

USED  TO  CALCUUTE 

:  THE  LIGHT 

KT,EMENTS 

Julian  Date  (hel. ) 

Epoch 

Weight 

O-C(days)* 

2438728.319 

-4738.0 

2 

+0.022 

38995.594 

-4239.5 

1 

+0.015 

39006.549 

-4219.0 

1 

-0.022 

39060.417 

-4116.5 

1 

-0.039 

39383.507 

-3516.0 

1 

+0.006 

39404.394 

-3477.0 

2 

-0.018 

39444.359 

-3^2.5 

1 

+0.003 

39761,491 

-2811.0 

2 

-0.012 

39768.483 

-2798.0 

1 

+0.010 

39771.463 

-2792.5 

1 

+0.041 

40530.392 

-1377.0 

1 

+0.016 

40566.285 

-1310.0 

2 

-0.015 

41261.7176 
.7176 
.7155 

-  13.0 

-  13.0 

-  13.0 

5 
5 

5 

+0.0010 
+0.0010 
-0.0011 

41264.6665 
.6687 
.6664 

-  7.5 

-  7.5 
'      7.5 

4 

+0.0009 
+0.0030 

+0.0008 

41268.6866 
.6869 
.6860 

0.0 
0.0 
0.0 

5 
5 
5 

-0.0003 

0.0000 

-0.0009 

41281.5571 
.55(^6 
.5561 

+    24.0 
+    24.0 
+     24.0 

4 

+0.0020 

+0.0015 

+0.0010 

41315.6031 
.6022 
.6012 

+    87.5 
+    87.5 
+    87.5 

4 
4 
4 

+0.0010 
+0.0001 

-0.0009 
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TABLE  6  CONTINUED 


Juliaji  Date  (hel.) 

Epoch 

Weight 

O-G(days)* 

2^^1317.^1 

+  91.0 

2 

+0.002 

^1563.853 

+  550.5 

2 

+0.002 

41607.836 

+  632.5 

1 

+0.019 

41620.664 

+  0^,5 

2 

-0.021 

41630.603 

+  675.0 

3 

-0.002 

*  Observ'oi  minus  calculated  time  of  minimum  predicted  from 
Min  I  "  JD(hel.)  24!+1268.6869  +  0*^53617333  •   E 
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Color  Cuives 

In  order  to  display  the  average  change  in  color  of  the  star 
system  d\iring  a  cycle,  h-v  and  u-"b  curves  were  constructed  after 
the  thirl  light  subtraction  had  been  made.  First,  the  phase  of 
each  observation  was  calculated  using  the  light  elements  discussed 
previously.  Then,  since  the  b  and  v  measurements  were  not  made 
simultaneously,  the  blue  magnitudes  were  linearly  interpolated  to 
the  yellow  msasurenents  so  that  the  subtra/jtion  could  be  made.  The 
sajne  procedure  was  followed  for  the  u-b  cxirve.  No  night  correc- 
tions or  seasonal  adjustments  were  made  in  plotting  all  the  data 
together. 

The  b-v  curve  shown  in  Figure  8  exhibits  a  distinct  reddening 
of  the  system  by  about  O.O6  magnitude  during  the  primary  eclipse. 
Since  the  primary  eclipse  is,  in  most  cases,  the  eclipse  of  the 
hotter  star,  this  is  an  expected  result.  There  does  not  seem  to 
be  a  significant  change  during  the  secondary  eclipse. 

The  u-b  curve  (Figure  9)  shows  the  same  general  characteris- 
tics although  the  reddening  during  the  eclipse  is  only  one-half  as 
large,  and  the  scatter  of  the  data  seems  greater. 

The  fact  that  the  system  does  not  become  more  blue  during  the 
secondary  eclipse  (the  eclipse  of  the  cooler  star)  tends  to  indi- 
cate that  the  relative  contribution  of  the  cooler  star  to  the  total 
light  of  the  system  is  small  at  sill  the  wavelengths  investigated. 
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Light  Curves 

The  data  points  were  plotted  into  light  curves.  No  night  cor- 
rections or  seasoneJ.  adjustments  were  made.  The   resulting  curves 
are  shown  in  Figures  10  through  12,  All  the  curves  showed  a  con- 
tinuous variation  between  the  eclipses  and  a  period  of  constsmt 
light  which  lasted  approximately  fifty  minutes  during  the  secondary 
eclipse  with  the  exception  of  the  ultraviolet  light,  which  faded 
linearly  with  phase  as  the  eclipse  progressed.  There  was  a  larger 
apparent  scatter  during  the  secondary  eclipse  than  in  the  rest  of 
the  curves.  However,  an  analysis  of  this  region  showed  that  there 
were  night-to-night  changes  in  the  level  ajid  shape  of  the  light 
variations  at  the  bottom  of  the  eclipse.  Although  there  were  in- 
dications, then,  of  intrinsic  variability  of  the  stars,  an  average 
of  all  the  data  was  xised  for  the  solution  as  if  the  scatter  had 
been  rajidom. 

There  were  no  significant  indications  of  a  "periastron  effect" 
or  of  a  displacement  of  the  secondary  mlnlmun  from  a  linear  phase 
of  0.5.  It  is  apparent,  however,  that  maximum  light  after  primary 
eclipse  came  later  than  a  phase  of  0.25. 

The  light  cvirves  can  then  be  classified  as  essentially  V.   UMa- 
type  curves  with  a  total  secondary  eclipse  (and  annular  primary) 
with  some  photometric  complications. 
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The  iModel 

In  order  to  deduce  the  photometric  elements  or  parameters  des- 
cribing a  phj'Sical  "binaxy  system,  some  model  must  be  employed.  The 
model  of  Russell  and  Merrill  (1952)  adopted  here  assumes  two  spher- 
ical stars  which  are  darkened  at  the  limb  by  a  linear  cosine  relation 
and  which  are  moving  in  circular  orbits.  The  daorkening  equation  re- 
lates the  observed  surface  brightness  (j)  at  sone  point  on  the  disk 
described  by  the  angle  y  (the  angle  measured  at  the  center  of  the 
star  between  the  direction  of  the  observer  eind  the  point  on  the  sur- 
face) and  the  surface  brightness  at  the  center  of  the  observed  disk 
(j  ){  specifically 

J  =  J  (l  -  X  +  X  cosy) 
where  x  is  the  limb  darkening  coefficient,  which  may  have  a  value 
between  zero  and  one. 

Kerrill  (1950)  has  calculated  tables  of  functions  which  describe 
the  shapes  of  eclipses  In  terms  of  the  tabular  values  of  the  ratio 
of  the  radii  of  the  two  stars,  a  quantity  which  describes  the  "depth" 
or  geometrical  degree  of  eclipse  taking  place,  and  values  of  the 
darkening  coefficient  0.0,  0.2,  O.h,   0.6,  0.8,  and  1.0.  Finding  a 
solution,  then,  is  a  multipara.meter  fitting  problem.  In  order  to 
discuss  the  solution,  the  parameters  involved  must  be  enumerated,* 

For  the  case  of  spherical  stars  moving  in  circular  orbits  aM 
darkened  at  the  limb  by  the  aforementioned  linear  cosine  relation, 
the  following  parsLmeters  must  be  determined  i 

P  -  the  orbital  period  of  the  two  stars, 


*For  a  detailed  explanation  of  the  model  the  original  papers  of 
Russell  and  Merrill  are  referenced  here. 
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T  -  the  initial  epoch  necessary  to  predict  the  relative  posi- 
tions of  the  stars  at  some  time,'  the  initieil  epoch  and 
period  are  usually  referred  to  as  the  "light  elements," 

i  -  the  inclination  of  the  orbit  of  the  spherical  star  system 
with  respect  to  the  plame  of  the  sky, 

L  -  the  fractional  luminosity  contribution  of  the  smaller 
star  to  the  total  light  of  the  system, 

L  -  the  fractional  luminosity  contribution  of  the  "greater" 
or  larger  star  to  the  total  light  of  the  system, 

L«  -  the  light  of  a  supposed  third  body  if  the  solution  does 

not  satisfy  L  +  L  -1.0, 
s    g    •  ' 

r  -  the  radius  of  the  larger  star  in  units  of  the  separation 
of  their  centers, 

r^  -  the  radius  of  the  smaller  star  in  units  of  the  separa- 
tion of  their  centers, 

or   k  =  r  /r     , 
b'   g    ' 


and 


Xg  -  the  darkening  coefficient  of  the  smaller  star, 


X  -  the  darkening  coefficient  of  the  larger  star. 

The  darkening  coefficients  are  usually  assumed  a  priori  based 

upon  theoretical  considerations,  although  they  are  sometimes  changed 

to  achieve  a  better  fit  to  the  data.  If  one  of  the  eclipses  is  total, 

i.e.,  a  smaller  star  is  completely  eclipsed  by  a  larger  one,  then  L 

s 

is  determined,  and  L^  -  1  -  L^  unless  there  is  a  third  light  known  or 
suspected.  Since  the  period  and  initial  epoch  are  determined  before- 
hand, a  Etca:  with  a  total  eclipse  has  only  three  parameters  to  be  de- 
termined fl^om  the  shape  of  the  eclipse:  i,  r  and  r  ,  or  k.  For  a 

g     s 
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system  in  which  pairtial  eclipses  take  pleice,  four  parameters  must  "be 
found  Yfith  the  addition  of  L  or  L  (assuming  L_  =  O). 

The  extent  of  eclipse  may  be  described  by  the  quantity 

6  -  r 

P  =  ^ 

s 

where  6  is  the  apparent  or  projected  separation  of  the  centers  of 
the  two  staxs,  and  p  is  defined  so  that  when  the  eclipsed  area  is 
maximvun  (ajid  licht  is  minimum),  p  «=  p  .  Then 

p  >  1  for  no  eclipse, 


and 


1  >  p  >  -1  for  a  partial  eclipse. 


p  <  -1  for  a  complete  eclipse. 


Another  quantity  which  describes  the  degree  of  eclipse  is  o-  .   It  is 

expressed  in  terms  of  the  light  lost  at  internal  tangency  (l  -  i. ). 

If  the  light  lost  in  mid-eclipse  is  (l  -  I  ),   then 

1  -  I 
o 

%   "  1^    • 

During  a  partial  eclipse  I     never  reaches  i. ,  and  therefore  c  <  1, 

o  1  o 

For  an  eclipse  wtiich  is  total,  i.e.,  a  total  occultation  of  a  smaller 

oc 
star,  Of       =  1.  An  eclipse  which  is  annular,  i.e.,  the  transit  of 

tr 
the  smaller  star  across  the  face  of  the  larger,  will  have  <y       >  1. 

The  problem  reduces,  then,  essentiaJly  to  choosing  the  proper 

veilues  of  k,  »  ,  and  a       (or  p  in  the  case  of  total  eclipses  since 
'   o       o  ^   ^0  ^ 

ot       then  is  fixed  at  unity)  which  describe  the  data  of  both  eclipses, 
A  gz'eat  deaJ.  of  tiie  and  insight  is  gained  by  utilizing  the  nomographs 
of  Merrill  (1953)  which  graphically  display  the  "shape  functions"  on 
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a  grid  of  possible  solutions  (k's  and  p  's).  These  functions, 

xCk.cc^.n)  and  ^YCk,*),  were  tabulated  by  Kerrlll  (1950)  as  men- 
tioned at  the  beginning  of  this  chapter. 

Once  the  best  values  of  k  and  p  are  found,  then  the  physical 
elements  of  the  system  nay  be  calculated  by  solving  the  e<iuations 
below. 

1  -  £°° 

^o  "  — ^ (^      ~  ^   ^o^  total  eclipses) 

s     oc  O  ^        ' 

L  =1-L  IfL,  =  0 
g      s    3 

2      2       ? 
r  cosec  i  =  sin  fi  / 
6  e' 


k(l  -  p^)(2  +  k  +  kp^) 


r^  coEec^i(l  +  kp  )^  =■  cot^i 
g  o 

The  angle  6^  is  the  point  of  external  contact  or  the  phase  angle 
at  which  the  eclipse  begins. 

On  the  nomographs  a  possible  solution  is  described  by  coor- 
dinates V  and  H,  and  then 

1  -  Jt*^  1  -  X°° 

L_  =  ^-^    and    L        ° 


g      V  s      o( 


If  a  solution  is  chosen  which  satisfies  the  so-called  "depth  equa- 
tion" that  relates  the  maximum  light  lost  in  the  eclipses,  then  V 

will  have  a  value  such  that  L  +  L  =1.  However,  if  the  shape 

g         s 

fiinctions  require  a  solution  at  a  different  value  of  V,   then  L    + 

s 

Lg  <  1,  and  the  solution  requires  that  L^>  0.  A  solution  vMch 
causes  L^  +  L  >  1  is  clearly  spurious. 

Although  the  linear  cosine  law  of  deirkening  ai:id  the  assump- 
tion of  circxaar  orbits  axe  usually  adequate  for  close  binaries, 
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the  extreme  proxiiaity  of  the  stea:^  and  the  resulting  huge  tidal  dis- 
tortions make  the  assumption  of  spherical  stars  very  poor  indeed. 
This  is  evidenced  by  the  fact  that  the  major  light  changes  are  sone- 
times  due  not  to  eclipse  effects  but  to  changing  aspects  of  the 
highly  distorted  stars.  In  order  to  remove  non-eclipse  effects,  a 
"rectification"  or  transformation  is  performed. 

It  has  been  demonstrated  by  Russell  and  Kerrill  (1952)  that  the 
distortion  of  the  component  stars  can  be  approximated  by  two  similar 
trl-axial  ellipsoids.  In  fact,  the  stars  will  assume  the  shape  of 
their  Roche  lliciting  surfaces  (the  equipotential  contours  around  the 
stars)  J  however,  similar  ellipsoids  have  been  assumed  in  the  in- 
terest of  trajctabllity. 

Russell  e^nd  Merrill  have  also  shown  that  the  ellipsoids  cause 
distortions  of  the  light  curve  (generally  referred  to  as  the  "ellip- 
ticity  effect")  which  can  be  described  by  a  truncated  Fourier  series: 

A  -  a^  +  a^  cos  6  +  a  cos  20. . . . 
Actually  the  effects  of  limb  darkening  and  gravity  darkening  (bright- 
ening of  the  star's  surface  at  the  poles  due  to  centrlpltal  flatten- 
ing which  results  in  a  higher  acceleration  of  gravity)  complicate 
the  transformation  somewhat,  and  a  rectification  of  the  phase  a^  well 
as  of  the  light  is  necessary. 

The  so-called  "reflection  effect,"  a  heating  up  of  the  facing 
surfaces  of  the  stars,  also  contributes  cos  nG  terms  to  the  light 
variations.  The  coefficients  can  be  estimated  from  theory  (Russell 
and  Kerrill,  1952)  and  are  generally  designated  by  C  . 

None  of  these  effects  cause  E  sin  nG  variations  in  the  light 
although  they  are  sometimes  observed  to  be  present.   Conventionally, 
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these  "complications"  in  the  light  curve  are  simply  subtracted  in 
the  rectification  process.  This  assuiies  that  the  complications  ex- 
tend through  the  entire  cycle. 

The  rectification  process,  then,  consists  of,  first,  fitting 
by  the  laethod  of  lea^t-squares  a  truncated  Foixrier  series  to  the 
light  variations  outside  of  eclipse  ajid  finding  the  coefficients  of 
the  series: 

i  ==  A^  +  y  A  cos  nG  +  y  B  sin  nG 
n=l  n=l 

These  coefficients  include  the  algebraic  sum  of  the  effects  of  el- 

lipticity  and  reflection.  The  reflection  coefficients  are  found 

from  the  theory  as  described  by  la»ssell  and  Merrill,  and  then  the 

rectified  light  {I')   and  the  rectifie-d  phase  (G')  of  each  observed 

I  and  6  are  found  by  the  following  equations: 

jfc'  =  (i  +  Cq  +  C^  cos  G  +  Cg  cos  2G  -  A  cos  3G 

-  A^  cos  ^G  -  B^  sin  G  -  B^  sin  2G  -  B.  sin  3G 

-  B^  sin  49)  /  (A^  +  Cq  +  (A^  +  C^)  cos  26) 
and 

sin^G'  =  -^i^     where     Z  =      _f  ^  .     • 
1-Zcos  G  '^  0  ^0  2^2^ 

The  quantity  N  is  estimated  to  be  2.0,  2.2,  2.6,  and  3.2  for  the 
values  of  X  of  0.2,  0.4,  0.6,  and  0.8  respectively.  In  these  equa- 
tions the  value  of  -A^  is  substituted  for  C  so  that  the  entire 
cos  G  variation  is  removed.  The  resulting  light  is  presumably  the 
light  of  two  spherical,  stars  whose  radii  have  a  ratio  (k)  which 
corresporais  to  two  ellipsoids  whose  similar  axes  have  the  ratio  of 
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k,  also.  Likewise,  the  other  spherical  stair  elements  of  the  system 
have  am  interpretation  in  tenas  of  the  "real"  ellipsoidal  system 
initially  assuned. 

The  Rectification  of  the  Light  Curves  of  AA  Ceti 

The  Fourier  coefficients  were  found  for  all  three  light  curves 
by  estimating  the  point  of  external  contact  to  he  0?12  =  43?2  and 
by  performing  a  least-squares  fit  to  the  data  outside  of  eclipse. 
With  the  vaaues  of  A.  resulting  from  this  calculation,  the  cos  29 
terms  were  removed  from  the  unrectified  light  curves  revealing  a 
change  In  the  slope  at  a  phase  of  slightly  greater  than  0?111  =  ^H)°. 
The  sine  and  cosine  coefficients  were  found  through  n  -  ^  since  the 
exclusion  of  the  higher  onler  terms  (n  =  3  and  k)   could  result  in 
spurious  values  of  the  lower  order  terms  as  pointed  out  by  Merrill 
(1970). 

From  an  Initial  rectification  of  each  light  curve  the  relative 
depths  of  the  primary  and  secondaxy  eclipses  were  found.  The  ratio 
of  the  depths  approximates  the  surface  brightness  ratio  of  the  two 
components,  and  from  this  the  theoreticeJ.  reflection  coefficients 
were  found. 

A  rectification  was  performed  with  the  equations  discussed  in 
the  previous  section  assximing  limb  darkenings  of  0,4,  0.6,  atnd  0.6 
for  the  V,  b,  and  u  curves  respectively.  The  preliminary  solutions 
indicated  that  the  darkening  coefficients  should  have  been  chosen 
to  be  smaller  In  order  to  achieve  a  good  fit  to  the  data,  and  so 
the  final  rectification  assuned  darkenings  of  0.2,  0.4,  and  0.4. 
The  coefficients  used  for  the  final  rectification  are  given  in  Table 
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7.  Since  the  sine  terms  were  all  snail,  they  were  set  equal  to  zero 
in  the  final  rectification. 

In  the  process  of  finding  the  reflection  coefficients  using  the 
graphical  method  of  Russell  and  Kerrill  (1952) i  an  attempt  was  made 
to  find  the  spectral  type  of  the  fainter  star;  however,  this  proce- 
dure depended  very  critically  upon  the  rectification  done,  particu- 
larly since  the  eclipses  were  extremely  shallow.  The  primary  component 
was  assumed  to  be  B'2,  and  the  secondary  component  was  found  to  have  a 
spectral  type  of  F2,  F6,  and  F9  based  upon  the  v,  b,  and  u  curves  re- 
spectively. 

This  same  problem  of  achieving  a  consistent  and  reliable  result 
for  all  the  light  eur\'es  occurred  for  another  essentially  W  Ul-Ia-type 
star,  RR   Centauri.  This  star  >ras  found  by  several  investigators 
(Knipe,  1965,  and  Bookmeyer,  1968)  to  be  very  difficult  to  solve, 
partly  because  the  shallow  eclipses  did  not  allow  definitive  values 
of  the  ratio  of  surface  brightnesses  to  be  determined.  Merrill  (1970) 
found  the  spectral  type  of  the  smaller  star  in  BR   Centauri  to  be  F3 
if  the  brighter  component  were  F2.  However,  Koch  et  al.  (1970)  stated 
that  the  secondary  spectrum  was  F9.  Both  were  considering  only  yellow 
observations. 

The  disparity  of  results  for  both  AA  Ceti  and  RR  Centauri  tends 
to  maJ-:e  the  determination  of  the  spectrum  of  the  fainter  component 
of  little  value.   In  AA  Ceti  the  secondary  component  is  probably  sev- 
eral sub-classes  later  than  the  primary  component.  The  many  other 
similarities  between  RR  Centauri  and  AA  Ceti  will  be  discussed  in  the 
next  section. 
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TABLE  7 


COEFFICIENTS  USED  IN  THE  RECTIFICATION  OF  THE  LIGHT  CURVES  OF  AA  CETI 


B, 


B, 


B, 


+0.87319 
±0.00607 

-0.05371 
±0.00611 

-0.135^ 
±0.00943 

-0.01735 
±0.00390 

-0.01774 
±0.00498 

-0.00245* 
±0.00134 

+0.00452* 
±0.00203 

+0. 00672* 
±0.00206 

+0.00233* 
±0.00244 

+O.3O83 
(x=0.2) 

+0.03100 

+0.05371 
+0.01030 


+0.88441 
±0.00697 

-0.04703 
±0.00697 

-0.13551 
±0.01087 

-0.01132 
±0.00447 

-0.01494 

±0. 00576 

-O.OOO85* 
±0.00154 

+0.00302* 
±0.00228 

+0.00413* 
±0.00234 

+0.00521* 
±0.00274 

+0.2620 
(x-0.4) 

+0.03200 

+0.04703 

+0.01070 


u 

+0.89095 
±0.00700 

-0.04197 
±0.00718 

-0.11958 
±0.01094 

-0.00840 
±0.00457 

-0.01111 
±0.00575 

-0.00423* 
±0.00156 

+0,00840* 
±0.00233 

+0.00295* 
±0.00236 

+0.00221* 
±0.00282 

+0.2504 
(x=0.4) 

+0.03270 

+0.04197 
+0.01090 


*Set  equal  to  zero  in  rectification 
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Solutions  of  the  Light  Curves  of  AA  Ceti 

The  rectified  light  curves  were  solved  using  the  X  functions  and 
nomographs.   It  was  apparent  from  the  values  of  X  that  the  primary 
eclipse  was  the  transit  and  the  secondary  eclipse  the  occultation  of 
the  somewhat  cooler  eind  smaller  star.  The  nomographic  solutions  re- 
vealed that  the  ratio  of  the  radii  was  a  s:nall  number  and  that  the 
eclipses  were  totcuL,  which  agreed  with  the  appearance  of  the  unrec- 
tified  light  curves.   Independent  solutions  for  each  color  were  found 
using  the  x  functions,  and  a  summary  of  the  results  is  shown  in  Table 
8.  The  values  of  G  ,  which  seemed  to  become  larger  at  shorter  wave- 
lengths,  are  an  average  of  the  G  from  the  primary  and  secondeiry  e- 
clipses.  Figures  13  through  18  show  the  fit  of  the  theoretical  curves 
generated  by  the  elements  in  Table  7  and  the  rectified  data. 

The  inclination  of  the  orbit  for  the  ellipsoidal  system  (j)  was 

f ovrnd  from  the  equation 

2      2 

cos  j  =  cos  i(l  -  Z) 

It  was  assumed  that  the  semi-major  axis  of  the  ellipsoid  of  revolu- 
tion (a)  was  the  value  of  r  resulting  from  the  model.   Then,  the 
other  axis  of  the  equatorial  cross  section  of  the  star  (b)  was  found 
from 

V    tan  i 

D  =  a  T :    , 

tan  J 

It  is  possible  to  find  the  third  dimension  (c)  of  tri-axial  stars; 
however,  with  the  uncertainties  in  these  solutions  based  upon  some- 
what uj:icertain  rectification  procedures,  the  calculation  would  be  of 
little  value. 

It  is  customary  to  solve  the  light  curves  of  totally  eclipsing 
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TABLE  8 
ELEMENTS  OF  THE  SYSTEM  AA  GETI 


V 

b 

u 

s    g 

0.2 

0.4 

0.4 

k 

0.26 

0.34 

0.41 

Po 

-1.50 

-1.54 

-1.37 

tr 

1.030 

1.069 

1.050 

oc 

1.000 

1.000 

1.000 

^g 

0.55 

0.53 

0.52 

^6 

0.1^* 

0.18 

0.21 

i 

70?3 

75?4 

76f9 

J 

73?7 

77?5 

78?7 

\ 

40?7 

43?4 

45?6 

e.  (Y  solutions) 

1'4?7 

14?4 

12?2 

a 

e 

0.55 

0.53 

0.52 

b 

6 

0.45 

0.45 

0.45 

a 

8 

0.14 

0.18 

0.21 

b 
s 

0.12 

0.15 

0.18 

'-¥ 

0.184 

0.150 

0.141 

0 

0.065 

0.115 

0.165 

o 

0.079 

0.073 

0.089 

L 
g 

0.921 

0.92? 

0.912 

L 

s 

0.079 

0.073 

0.089 

^g/^» 

0.786 

1.475 

1.727 

o 


-P 

a> 


o 

o 

+> 

6h 


bo 


o 

CO 


o 


B 

u 

s: 

o 
CIS 


68 


.  + 


+ 
+ 


(ri 


i 


+ 


s 

I 


n 

IT 
h 

y 

I 


s 


H — I — I 1 1 — I i 1 — I H 

50' I 


+    ^ 


■I- 
11    I  4  \ — t — I — I — I — I — I — t- 


SG*0 


Ai I SDN I wnn 


0) 


u 

u 
« 

+> 


0) 
-P 
■P 
O 


o 

iH 
fH 
«> 
>> 

O 

•P 

o 

c 
o 

o 

CQ 
i-H 

o 

■H 
■P 

o 

x: 
+> 


^   c 

iH  O 
O 
<D 

fr,  «) 
Xi 
■P 

«H 
O 

OS 


-p 
o 
o 


o 

H 

o 

4> 


70 


i     i 


(It 


T 


n 

IE 
h 
U 
I 

H  I- 


+  -i- 


-t+ 


+ 


+ 


+ 


H.    •^-     ^ 


^ 


+ 


+ 


B 


-i 1 J 1 i \ ! 1 1 1 1 h+H 1 — 1| ! 1 1 1 1 h 


H 


S0 


SG'Q 


o 


o 

o 

(0 


0} 

o 


© 


o 
o 


O 

o 


o 
+» 

o 


72 


in 


X 


n 

J 


n 

h 
U 
I 

H  I- 


::  n 


H ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H«^ 


50*1 


AiiEDNmni 


4) 


+> 
O 

+> 

•rt 

X 

•o 
o 
■p 
-p 
o 

rH 
Pi 

I 


iH 

-P 
Vt 

o 

o 

-p 

rH 
O 


O 


s 

o 

© 

XI 

•p 

« 

x: 

E-" 


"3      ^ 


'H 

o 

© 


o 
© 


o 
c 
© 

CO 

© 
+> 

O 

CIS 

t 


7* 


+  \      + 


+    + 


E! 
i  (ri 


J 


-i 1 1 H 


50*  I 


+ 
+ 

V 

PI 

+  \  + 

;    I 

+   + 

V   + 

h 

+  Y                    : 

•hV 

:    liJ 

I 

++ 

+ 

+       + 

+ 

+ 

+ 

+ 

+ 

+  + 
++ 

■  H 

+ 

+  i 

+ 

+  + 

, 

I         1        1        1 

1111       i — I — ^      1 1 1 r 

5B'0                                     ; 

— 1 — 

AllBDN   Wn~] 

■ 

o 
I-^ 
o 

% 

u 
■p 

r-f 
7i 

«> 

Si 

Vt 

o 

a 
o 

•H 

O 

(0 

1-1 
«e 

c 

•H 

O 

X 

+> 

fl) 
jr. 


to 


% 


+t 


+ 


■i    Mill 


If 


H 
J 


.  s 

..n 

• 

c 

■ 

1- 

; 

u 

• 

I 

El 

t- 

N 

■■ 


513'  I 


-i    I     I     I     I     I     I     I     I     I    (    I     1     I     I    ^-   I 

5E*0  59*0 

AiiEDNmni 


I  i  1 1 1  1 1 1 


s 


-4-4- 


■p 

ja 

bO 

•H 

l-« 

+» 

«> 

rH 

O 

•5! 

€S 

u 

■p 

H 

0 

e 

j:: 

+» 

^ 

o 

a 

o 

•H 

+> 

r> 

•H 

rS 

-f> 

o 

O 

w 

o 

^ 

C 

•»H 

<H 

■P 

o 

S 

0) 

O 

0) 

a 

X 

^ 

-p 

iH 

t) 

o 

4) 

^, 

Eh 

& 

• 

CO 

•H 

iH 

o 

o 

• 

© 

bO 

m 

t-i 

u< 

c 

X! 

-P 

<H 

o 

a) 

•<J 

OJ 

•d 

78 


+ 

+  + 

+ 
+ 


I    I    t    I    I    I    I    I    I    I    i    I    I    I 


+ 
+ 


+ 
+ 


IS 


.S 


I 
h 

u 


S 


I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I 


+-+■ 


SB*  I 


Ai I 5DN 1 wnn 


79 


stars  using  the  Y  functions  cf  Russell  and  Herrill  (1952).  For 
light  curves  of  hi^h  precision  this  is  advisable  since  the  Y  tables 
can  be  linearly  interpolated  vith  higher  precision  thaji  the  x  func- 
tions. It  was  felt  that  the  X  functions  were  sufficient  for  the 
eclipses  being  discussed  here.  As  a  check,  hovevsr,  the  final 
solutions  (k's,  a     's,  end  p  's;  were  used  to  generate  the  Y  func- 
tions, and  they  were  plotted  against  the  rectified  data.  These 
theoretical  fits  were  almost  identical  vrith  those  generated  by  the 
X  functions.  Also,  the  elements  resulting  fron  the  Y  procedure 
were  almost  exactly  the  same  as  those  resulting  frora  the  initial 
X  solutions. 

The  approximate  functions  which  describe  the  shapes  of  the 
eclipses  in  terms  of  the  Y(k,(Y)  functions  were: 

V  Ftrimary  sin^e(a*^)  »  O.O670  ^'^^(0.26,  a''^)   +  O.I5OO 

V  Secondary  sin^e(a°°)  =  O.O96O  °'^Y(0.26,  a°~)  +  0.2180 
b  Primary  sin^eCo-"'^^)  =  O.O69O  "^'NCO.^,  o''^^)  +  O.I5OO 
b  Secondary  sin^e(o'°'^)  =  0.0990  *^'S(0.34,  cP^)  +  0.2220 
u  Rrlmarj'  sin^eCa"*^^)  •=  O.O83O  °'S(0.^1,  a'^)  +  0.1550 
u  Secondary  sin^eCa*^*^)  =  0.100?  °"^Y(0.^1,  a°°)  +  O.I98I 

Since  Y  functions  are  more  easily  interpolated  at  large  a, 
the  values  of  6.,  the  points  of  internal  tangency,  in  Table  8  are 
based  upon  these  functions. 

Due  to  the  uncertainties  in  subtraction  cf  third  light,  the 
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shallow  eclipses,  arnd  the  difficulty  In  the  rectification  procedures, 
these  solutions  must  "be  considered  only  preliminary. 

It  is  Interesting  to  note  the  similarities  between  the  well- 
known  eclipsing  binary  RR  Centauri  and  AA  Ceti.  Extensive  photo- 
electric yellow  observations  of  RR  Centauri  by  Knipe  (1965)  were 
analyzed  by  Bookmeyer  (1968)  utilizing  the  Russell  model  and  are 
repeated  here  in  Table  9  along  with  the  results  of  the  present  anal- 
ysis of  the  yellow  light  curve  of  AA  Getl.  The  problems  encountered 
by  Knipe  and  later  by  Bookmeyer  in  rectification  and  solution  of  RR 
Centauri  are  summarized  by  Koch  et  al.  (1970,  p.  60)t 


Her  work  did  not  lead  to  a  unique  solution, _and  the  choice  of 
rectification  procedures  affects  the  ratio  J  /j  .   In  the  first 
solution  given  in  our  catalogue  the  Fourier  series  was  trun- 
cated after  cos  2G  which  resulted  in  a  positive  but  rather  smaj.1 
A^  term.   If  the  third  harmonic  is  included,  one  obtains  A„  = 
-0.0110  and  A^  <  0.  Neither  solution  appeajrs  quite  satisfactory 
etlthough  a  general  picture  of  the  system  is  fairly  well-defined 
for  such  a  closely-interacting  binary. 


It  would  seem  that  some  of  the  problems  which  afflict  the  solutions 
of  RR  Centauri  are  present  in  AA  Ceti.  Of  particular  note  is  the 
large  size  of  A-  In  both  stars.  Although  there  seems  to  be  no  shift 
of  the  secondary  minimum  from  a  phase  of  0?5»  the  maximum  after  pri- 
mary is  definitely  shifted  in  AA  Ceti  to  a  later  phase  than  the  ex- 
pected Of 25.  As  Bookmeyer  points  out  In  regard  to  RR  Centauri, 
this  could  be  indicative  of  an  eccentric  orbit.  If  the  orbit  were 
eccentric  and  viewed  along  the  semi-major  axis,  then:  (l)  the  e- 
clipses  would  not  be  of  equal  duration;  (2)  the  secondary  minimum 
would  not  be  displaced  from  a  phase  of  0?5j  and  (3)  the  maximum 
light  would  occur  at  a  true  anomaly  of  0.25  In  phase,  not  at  the 
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TABLE  9 


RESULTS  OF  ANALYSIS  OP  THE  YELLOW  LIGHT  CURVES 
OF  AA  CETI  AND  BS.   CEJiTAURI 


AA  Ceti 
(Present  V/ork) 

RR  Centaurl 
(Bookmeyer,  I968) 
Solution  B 

L 
g 

0.921 

0.889 

L 
s 

0.079 

0.111 

^g 

0.55 

0.58 

g 

0.45 

0.52 

a 

8 

0.14 

0.21 

8 

0.12 

0.19 

X  0.2  0.6 

k  0.26  0.36 


i  70?3  72?4 


e^  40?7  49?2 

\  14?7  9?8 

cfl^  1.03  1.043 


a°*^  1.00  1.00 
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mean  anomaly  of  0?25  as  predicted  by  the  linear  light  elements. 
These  three  conditions  are  evident  in  the  light  curves  of  both  stars. 
In  the  case  of  BR   Centauri  there  is  some  evidence  to  deny  that  the 
apparent  eccentricity  is  realj  this  is  not  yet  the  case  of  AA  Ceti, 
and  so  the  possibility  remains.  From  the  dxiration  of  the  primary 
(t^)  and  the  secondary  (t^)  one  can  extract  the  eccentricity  (e) 
using  the  following  equation j 

1  +  e   h 
1  -  e  "  t^ 

if  the  angle  from  the  ascending  node  to  the  periastron  point  is 
ninety  degrees. 

From  the  yellow  curve  e  =  0.12,  from  the  blue  e  =  0.10,  and 
from  the  ultraviolet  e  =  0.06,  all  of  which  are  extremely  large  for 
this  type  of  binary.   If  the  eccentricity  is  real,  the  star,  of 
coiirse,  would  be  valuable  for  apsidal  motion  studies;  hovrever,  it 
is  felt  in  this  investigation  that  the  problems  of  rectification 
and  the  third  light  subtraction  are  sufficiently  severe  to  maJce  a 
determination  of  the  eccentricity  dubious,  at  best. 

There  appeared  to  be  an  inconsistency  in  the  values  of  J  /j 
for  the  components  of  AA  Ceti,  which  were  calculated  from 

J     L     r^ 

_fi  „  _£    _s 

7     L   •   2    • 
J      s    r 
s  g 

The  value  for  the  v  curve  was  less  than  1.0,  which  implied  that 
the  larger  stsur  was  the  cooler  one,  and  thus  that  the  secondary 
eclipse  was  a  transit.  This  implication  was  just  the  opposite  of 
what  had  been  assumed  from  the  beginning  of  this  investigation. 
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However,  inspection  of  the  rectified  light  curves  revealed  that  the 
rectified  primairy  was  indeed  the  shallower  eclipse,  and  so  the  solu- 
tions were  internally  consistent.  It  was  just  such  an  inconsistency 
which  caused  Bookmeyer  to  re-atnalyze  the  light  curves  of  RR  Centauri 
in  the  first  place.   Whether  the  roles  of  the  two  staxs  did  reverse 
between  the  v  and  b  bsmds  (which  is  a  physical  possibility)  or  wheth- 
er the  p3X>blems  involved  in  rectification  were  asserting  themselves 
was  not  clear. 

In  order  to  evaluate  the  fit  of  the  theoretical  shapes  to  the 
data,  a  prograjn  was  written  for  the  Hewlett-Packard  9820A  calcula- 
tor to  find  the  average  difference  between  the  individual  rectified 
data  points  and  the  value  of  the  theory  at  that  phase.  These  aver- 
age (O  -  C)'s  and  the  average  of  their  phases  were  found  over  ten- 
degree  intervals.  They  are  shown  in  Tables  10  through  12,  including 
the  number  of  data  points  (n)  in  each  interval.  Then  the  program 
"de-rectified"  the  theoretical  values  using  the  final  set  of  coef- 
ficients from  Table  7,  and  the  average  differences  were  calculated 
for  the  unrectified  light  over  the  entire  period. 

It  is  apparent  that  the  residuals  are  generally  small  and 
change  sign  often,  indicating  that  the  fit  is  good  over  the  entire 
light  variation.  As  was  stated  previously,  ignoring  the  sine  terms 
in  the  rectification  has  little  effect  on  the  ultimate  results  as 
is  indicated  by  the  small  (O  -  G)'s. 

A  statistical  study  of  the  fit  is  shovm  in  Table  30  in  the 
Appendix  where  the  root-Diean-square  deviations  of  the  data  from  the 
theoretical  shape  are  given  for  the  rectified  primary  eclipse,  first 
maximum,  secondary  eclipse,  and  second  maximum  in  each  color. 
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TABLE  10 


AVERAGE  DIFFERENCES  OF  THE  OBSERVED  DATA  AND  THE  THEORETICAL  SHAPES 
OVER  THE  YELLOW  LIGHT  CURVE  OF  AA  CETI 


Rectified 

LifTht 

Un-Rectlfied  Li^ht 

Average  9* 

Average  (O-C ) 

n 

Average  6 

Average  (( 

.  5?^3 

-0.002 

7 

4?52 

-0.001 

14?58 

-0.006 

7 

12?21 

-0.004 

24?18 

-0.005 

9 

20?49 

-0.004 

34?19 

-0.001 

12 

29?49 

-0.001 

^5%3 

+0.013 

12 

40?19 

+0.011 

55^38 

+0.003 

8 

50?33 

+0.003 

65?02 

+0.005 

9 

60?77 

+0.005 

75?78 

-0.008 

5 

73?08 

-0.008 

85?28 

-0.015 

5 

84?34 

-0.015 

95?^9 

-0.002 

5 

96?58 

-0.002 

105?28 

-0.008 

4 

108?17 

-0.008 

115?36 

-0.006 

6 

119?66 

-0.006 

123?97 

-0.006 

6 

128?98 

-0.005 

135?97 

+0.002 

4 

141?17 

+0.008 

1^?10 

+0.004 

7 

150?78 

+0.003 

155?53 

+0. 012 

6 

159?26 

+O.010 

164?95 

-0.008 

7 

167?38 

-0.007 

175?99 

+0.006 

5 

176%7 

+0.004 

186?19 

-0.005 

6 

185?16 

-0.004 

195?^1 

+0.001 

6 

192?92 

+0.001 

20^-i?29 

-0.013 

7 

200?59 

-0. 010 

85 


TABLE  10  CONTINUED 


Rectifi^ 

ed  Light 

n 

Un-RectU 
Average  G 

ried  LiKht 

Average  6* 

Average (O-C) 

Average (O-C) 

214?69 

-0.007 

7 

209?96 

-0.006 

224?^5 

-0.014 

6 

219?23 

-0.013 

236?80 

+0.014 

4 

231?82 

+0.013 

2^5?88 

-0.001 

5 

241?73 

-0.001 

270?70 

+0.008 

7 

270?83 

+O.008 

295?^5 

+0.005 

7 

299?76 

+0.005 

304?26 

-0.021 

4 

309?30 

-0.019 

3l^?l0 

-0.002 

8 

319?33 

-0.002 

324?36 

+0.009 

6 

329?19 

+0.007 

335?90 

+0.010 

^ 

339?57 

+0.008 

345?15 

-0.002 

10 

347?55 

-0.001 

356?19 

+0.004 

7 

351?83 

+0.003 
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TABLE  11 


AVERAGE  DIFFERENCES  OF  THE  OBSERVED  DATA  AND  THE  THEORETICAL  SHAPES 
OVER  THE  BLUE  LIGHT  CURVE  OF  AA  CETI 


Rectified 

Li^ht 

Un-Reclif ied  Li^ht 

Average  B* 

Average  (O-C ) 

n 

Average  G 

Average  (( 

5?1^ 

+0.003 

8 

4?if2 

•♦-0.003 

15?37 

-0.004 

8 

13?29 

-0.003 

25?25 

-0.001 

9 

22?07 

-0.001 

34?35 

-0.004 

11 

30?26 

-0.002 

^5?03 

+0.009 

12 

40?71 

+0.008 

55?17 

-0.004 

8 

30?91 

-0.003 

64?8^ 

-0.001 

9 

6l?35 

-0.001 

75?71 

-0.013 

5 

73?50 

-0.013 

85?55 

-0.017 

5 

84?83 

-0.018 

95?11 

-0.006 

4 

95?93 

-0.006 

104?98 

+0.008 

4 

107?29 

+0.008 

115?74 

-0.006 

5 

119?29 

-0.006 

12^?58 

-0. 004 

7 

128?71 

-0.004 

1^2?28 

+0.008 

9 

146?34 

+0.007 

15^?67 

+0.019 

7 

157?86 

+0.016 

163?45 

-0.009 

6 

i65':e7 

-0.007 

173?9^ 

-0.007 

6 

174?79 

-0.006 

18'4?87 

+0.007 

6 

184?19 

+O.005 

19^?63 

-0.008 

7 

192?65 

-0.006 

20if?89 

-0.003 

8 

201?74 

-0.003 

215?00 

-0.004 

6 

211?05 

-0.004 
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TABLE  11  COOTIOTED 


Rectified 

Light 

' 

Un-Rectified  Li^ht 

Average  G' 

Average (O-C) 

n 

Average  G 

Average  (( 

224?08 

-0.010 

6 

219?77 

-0.009 

241?82 

-0.002 

8 

238?13 

-0.002 

271?24 

+0.002 

7 

271?42 

+0.002 

296?64 

+0.004 

7 

300?26 

+0.003 

305?63 

-0.013 

k 

309?83 

-0. 013 

313?92 

0.000 

6 

318?25 

0.000 

324?40 

+0.010 

8 

328?38 

+0.008 

335?91 

+0,003 

3 

338?98 

+0.003 

3^?67 

+0.001 

9 

3^?74 

+0.001 

35^?81 

-0.001 

8 

355?53 

-0,001 
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TABLE  12 


AVERAGE  DIFFERENCES  OF  THE  OBSERVED  DATA  AiW   THE  THEORETICAL  SHAPES 
OVER  THE  ULTRAVIOLET  LIGHT  CURVE  OF  AA  CETI 


Rectified 

Light 

Un-Rectified  Llsht 

Average  G' 

Average (0-C) 

n 

Average  9 

Average (0-C) 

6?40 

+0.001 

9 

5^55 

+0.001 

15?63 

+0.001 

6 

13?62 

+0.001 

2^?5? 

-0.004 

9 

21?6l 

-0.003 

3J^?^0 

•K).002 

12 

30?68 

+0.001 

^5?32 

+0.002 

12 

41?22 

+0.002 

55?^ 

+0.003 

8 

51?53 

+0.003 

65?07 

+0.004 

8 

6l?78 

+0.003 

76?03 

-0.007 

5 

73?98 

-0.007 

85?95 

-0.014 

5 

85?33 

-0.015 

93?99 

-0.007 

3 

94?48 

-0.007 

103?60 

+0.004 

5 

105?6l 

+0.004 

115?38 

-0.010 

6 

118?69 

-0.010 

125?26 

-0.013 

7 

129?21 

-0.012 

136?9^ 

+0.018 

3 

141?01 

+0.016 

1J^?07 

-0.015 

6 

149?77 

-0.013 

155?36 

+0.003 

7 

158?33 

+0.002 

164?13 

+0.007 

6 

166?17 

+0.005 

17^?5^ 

+0.002 

6 

175?27 

+0.001 

185?38 

-0.006 

6 

184?67 

-0.005 

195?01 

-0.010 

7 

193?08 

-0.008 

204?57 

-0.004 

7 

201?6l 

-0.003 
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TABLE  12  CONTIIiUED 


Rectified 

Lifjht 

Dn-Rectified  Li^ht 

Average  6' 

Average (O-C) 

n 

Average  6 

Average (O-C) 

213?67 

-0.004 

6 

210?00 

-0.003 

223?83 

+0.003 

7 

219?75 

+0.003 

236?70 

+0.014 

4 

232?83 

+0.013 

244?90 

+0.013 

4 

241?60 

+0.013 

25^?80 

+0.005 

3 

252?60 

+0.005 

277?78 

+0.008 

5 

278?91 

+0.008 

296?51 

-0.007 

5 

299?93 

-0.007 

309?33 

-0.009 

8 

313?33 

-0.008 

325?22 

+0.003 

5 

328?97 

+0.003 

336?56 

+0.018 

3 

339?42 

+0.015 

3^?72 

+0.001 

8 

346?69 

0.000 

35^?91 

+0.001 

9 

355?59 

+0.001 
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Sunmary  of  Results  and  Su^^gestions  for  Further  Work 

The  variable  star  AA  Ceti  is  an  eclipsing  binary  of  essentially 
the  W  UHa-type  and.  is  a  member  of  a  common  proper  motion  visual  binary. 
The  period  of  the  star  is  0.53617353  ±  O.OOOOOO5O,  and  the  secondary 
eclipse  is  a  total  occultation  of  the  cooler  star.  The  secondctrj'  com- 
ponent is  probably  only  a  few  sub-classes  later  than  the  primary,  which 
is  about  F2.  Photometric  complications  and  the  possibility  of  intrin- 
sic variability  of  the  stars  aire  also  present. 

Rectification  in  the  conventional  way  showed  that  although  the 
sine  terms  were  small,  higher  order  cosine  terms  were  relatively  large. 
The  rectified  eclipses  were  extremely  shallow,  and  therefore  definitive 
solutions  were  not  possible.  The  ellipticity  of  the  system  was  quite 
large. 

The  solutions  based  upon  the  Russell  model  indicated  that  k  was 
a  small  number  (about  0.3)  and  that  the  darkening  coefficients  neces- 
seiry  to  achieve  a  reasonable  solution  were  also  smaller  than  generally 
expected.  The  system  is  very  similar  to  RR  Centauri,  which  also  has 
not  yielded  to  a  definitive  solution.  It  was  found  that  the  orbit  of 
AA  Ceti  may  be  eccentric. 

Further  photometric  work  is  warrajited  only  aifter  the  light  of 
the  compajiion  star  is  demonstrated  to  be  constant  through  more  exten- 
sive measurements,  or  only  If  measxurements  of  the  varie.ble  are  made 
with  the  companion  star  excluded  from  the  diaphragm.   It  is  felt  that 
higher  quality  light  curves  and  solutions  would  be  worthwhile  although 
our  imderstandlng  of  the  theory  of  close  binaries,  particularly 
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that  of  rectification,  vould  limit  the  precision  of  the  final  results 
in  almost  every  case. 

It  has  been  siiggested  by  Kerrill  (1970 )  that  the  spectral  type 
of  the  secondary  component  of  RR  Centauri  may  be  found  from  spectros- 
copy. Since  AA  Ceti  is  so  similar,  it  seems  that  a  spectroscopic  study 
would  be  useful  in  finding  the  spectral  type  of  the  secondary  star, 
smd  thus  more  accurate  reflection  coefficients  so  critical  in  the  rec- 
tification process. 

It  would  seem  unlikely,  judging  from  the  relative  luminosities 
of  the  two  staxs  derived  from  this  study,  that  both  spectra  would  be 
sufficiently  visible  to  permit  high  quality  radial  velocity  curves 
for  both  components  to  be  found.  However,  the  star  is  sufficiently 
bright  that  a  telescope  of  moderate  aperture  could  be  applied  to 
find:  (l)  the  raauss  function  of  the  system,  (2)  the  spectral  type  of 
the  secondary  component,  ajid  (3)  the  eccentricity  of  the  orbit  if, 
indeed,  it  is  non-zero. 


CHAPTER  V 


UZ  PUFPIS 


History 


The  eclipsing  variable  star  UZ  Puppis  (BD-13°2170)  was  discovered 
to  l)e  a  variable  star  by  C.  Hoffmelster  (1929)  and  was  assigned  the 
discovery  number  64.1929.  A  year  later  Keir^entaler  (1930)  published 
provisional  light  elements  based  upon  ninety-three  photographic  obser- 
vations made  between  December  20,  1929,  and  ^axch  2,   1930.  A  subse- 
quent set  of  thirty-three  observations  confirmed  the  period  he  had 
found 1  0.79^+  (±0.0005).   With  the  total  set  of  126  observations  Mer- 
gentaler  then  formed  the  first  light  curve  found  in  the  literature 
for  UZ  Puppis  revealing  B  Ljrrae-type  vexiatlons.  The  star  showed  a 
maximum  brightness  of  9.1  magnitudes  (visual)  and  faded  approximately 
one  magnitude  dviring  its  prlmarj-  eclipse.  He  also  pointed  out  that 
the  star  exhibited  a  faint  periastron  effect  (one  maxinum  brighter 
than  the  other).  Lause  (1933)  later  confirmed  this  fact  and  measured 
it  to  be  0.02  magnitude. 

In  a  series  of  papers  by  Florja  (1932,  1933,  1937)  the  period 
was  refined  based  upon  observations  made  between  1931  and  1935, 
and  a  light  curve  was  constructed.  This  early  light  curve  is  re- 
produced in  Figure  19.  The  periastron  effect  is  not  apparent  in 
this  curve.  In  the  last  of  this  series  of  publications  he  gave  the 
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refined  light  elements 

Min  I  -  JD(hel.)  2^^26033-251  +  0?79^53  •  E    . 

More  recent  light  elecents  have  been  given  by  Soloviev  (19^3) 
Min  I  -  JD(h6l.)  2^26033.251  +  0?79^8^95  •  E 
Further  photographic  photometry  was  done  by  Gaposchkin  (I952f  1953). 
From  1,3^2  photographic  observations  a  light  cur\'e  was  constructed, 
and  a  new  period  found:  0.79'+-8504l. 

The  only  spectroscopic  study  of  UZ  Puppis  is  that  of  0.  Struve 
(19^5).  Using  a  dispersion  of  76A/11U11  at  Hy,  forty-two  spectra  were 
taken  and  radial  velocities  determined  baaed  upon  measurements  of 
nine  lines.  Near  conjunctions  the  great  difference  in  luminosity 
of  the  two  stars  made  the  lines  of  the  secondary  component  diffi- 
cult to  measure.  The  results  of  an  analysis  done  by  Struve  are 
given  in  Table  13  and  the  curves  themselves  in  Figure  20.  He  found 
that  the  system  seemed  to  be  of  later  spectral  type  during  conjunc- 
tions, and  the  average  spectral  types  of  both  stars  were  between  A5 
and  A7.  According  to  the  Sixth  Catalogue  of  Orbital  Elements  of 
Spectroscopic  Binaries,  the  elements  are  listed  as  "poor"  partly 
due  to  the  large  scatter  in  the  radial  velocities  of  the  secondary 
component. 

TABLE  13 

SPECTROSCOPIC  ORBITAL  ELEJIENTS  OF  UZ  PUPPIS  FROM  STRUVE  (19^5) 
P  -  0.795  (assumed)       T  (max.  vel.)  =  phase  0.75 
Y  =  +25  km/sec  }\^   sin^i  «  1.1  9 

^1  "  ^2  "  ^^°  km/sec     M^  sin-^i  «  1.1  0 

e  «  0  (assumed)  a^  sin  i  »  1.6  x  10^  km 
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The  present  work  was  undertaken  since  no  reports  of  photoelec- 
tric light  curves  were  foimd  in  the  Florida  Card  Catalofgie  of 
Eclipsinj^  Binary  Stars. 

Photoelectric  OTpservations 

The  star  BD-12  2092,  chosen  as  a  comparison  star  for  observa- 
tions of  UZ  Rippis,  showed  no  signs  of  variability  during  ajiy  of 
the  observations.  This  is  substantiated  by  the  check  star  readings 
given  in  Table  15 .  The  check  star  was  BD-13°2180.  A  finding  chart 
for  the  variable  ajid  coraparison  stars  is  shown  in  P'igure  21,  end 
the  catalogue  names  ajid  coordinates  for  the  stars  are  given  in  Table 

TABLE  14 


THE  COORDINATES  ANT)  BONNER  DURCH^nJSTERUNG  IWIBERS  OF  STARS 
RELATED  TO  TIIE  INVESTIGATION  OF  UZ  FUPPIS 


^^  °'1855.0  ^1855.0 

UZ  Puppis  -13°2170  /35°'  2?6  -13°  3 '2" 

,0 ^^  „h^,m  ^s. 


Comparison  -12°2092       7  35"^  9?5     -12°51'6" 

Star 


e.j.. 


Check  Star  -13°2l80  ,      7^35'"44?0     -13°30'1" 


^-^--The  extinction  coefficients  for  the  thirteen  nights  whiich 
proved  to  bs  usable  axe   given  in  Table  l6,  along  >d.th  their  prob- 
able errors.  Although  a  large  amount  of  data  was  taken  on  the 
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TABLE  15 


THE  DIFFEREin-IAL  MGNITODSS  BSTWEEI^  THE  COMPARISON  AND  CHECK  STARS 
USED  DURING  THE  FHOTOilSTRIG  Il.^/ESTIGATION  OF  UZ  PUPPIS 


Date 

Amag^ 

Amag^ 

Mag^ 

3/  6-  7/71 

-1.467 

-1.514 

-1.658 

3/  5-  6/71 

-1.425 

-1.456 

-1.561 

-1.437 

-1.484 

-1.578 

2/17-I8/7I 

-1.456 

-1.486 

-1.565 

-1.424 

-1.484 

-1.611 

2/  8-  9/71 

-1.502 

-1.537 

-1.589 

1/27-28/71 

-1.400 

-1,464 

-1.539 

-1.206* 

-1.235* 

.  -1.282* 

♦Poor  quality  comparison  star  readings 


Fig.  21.  A  finding  chart  for  UZ  Puppis  and  the  coaparlson 
star  used  In  this  Investigation 
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TABLE  16 


FIRST  ORDER  EXTINCTION  COEFFICIENTS  AND  THEIR  PROBABLE  ERRORS 
USED  IN  THE  REDUCTION  OF  DATA  PERTAINING  TO  UZ  PUPPIS 


Date 
1/22-23/71 

k 

V 

0.254 
±.043 

0.424 
±.008 

0.822 
±.033 

1/27-28/71 

0.171 
±.006 

0.291 
±.007 

0.601 

±.008 

*2/  1-  2/71 

0.241 
±.113 

0.325 
±.238 

0.919 
±.029 

2/15-16/71 

0.276 
±.009 

0.459 
±.008 

0.768 
±.010 

2/17-I8/7I 

0.267 
±.012 

0.425 
±.012 

0.764 
±.016 

3/  5-  6/71 

0.425 
±.012 

0.650 
±.020 

0.992 
±.012 

♦3/  9-10/71 

0.562 
±.051 

0.983 
±.020 

1.186 
±.053 

3A7-18/71 

0.250 
4.010 

0.417 
±.004 

0.743 
±.008 

*3/  3-  4/72 

0.993 
±.889 

1.151 
±.486 

1.390 
±.741 

*3/  4-  5/72 

(est.)  0.993 

(est.)  1.151 

(est.)  1.390 

3/  6-  7/72 

0.225 
±.063 

(est.)  0.400 

0.709 
±.115 

12/  9-10/72 

0.429 
±.042 

0.590 
±.136 

0.864 
±.063 

12/11-12/72 

0.258 
±.085 

0.399 
±.071 

0.716 
±.000 

♦Poor  quality  night 
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night  of  3A-5/72t  it  vas   not  possible  to  determine  the  coefficients 
with  any  degree  of  precision?  therefore,  It  was  necessary  to  estimate 
them. 

Light  Elements 

The  present  observations  extended  the  base-line  of  observation 
of  minima  by  a  large  amoixnt,  and  so  a  period  study  was  undertaken. 
On  four  nights  enough  data  was  obtained  on  both  branches  of  the  e- 
clipse  to  use  the  Hertzsprung  method  for  detennining  the  time  of 
minimum  light.  On  two  other  nights  enough  data  was  taken  to  use 
the  tracing  paper  method  in  which  the  partial  data  was  fitted  by 
hand  to  an  eclipse  whose  mid-point  weis  "known. "  This  method  was 
less  precise  thaja  the  Hert.zsprung  method  and  was  therefore  given  a 
reduced  weight  in  the  final  cailculation. 

Since  there  has  never  been  ajoy  indication  of  a  changing  period, 
five  rather  old  normal  times  of  minimum  light  were  also  used  pro- 
viding a  base-line  of  over  18,000  cycles.  These  had  resulted  from 
earlier  least-squares  solutions  for  the  light  elements  and  should 
be  considerably  more  precise  than  a  "time  of  faint  light"  deter- 
mined from  a  single  photographic  plate.  All  data  used  in  a  linear 
least-squares  solution  for  the  light  elements,  along  with  the 
weights  applied,  is  given  in  Table  1?.  The  observed  minus  the 
calculated  times  of  minimum  listed  in  this  table  are  plotted  in 
Figure  22.  The  final  elements  resulting  from  this  calculation  were 
Min  I  =  JD(hel.)  244097^.870?  +  0^79485183  •  E 

±.0002   ±.00000004 
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TABLE  17 


TIMES  OF  MINIMUM  LIGHT  OF  UZ  PUPPIS 
AND  THE  WEIGHTS  USED  TO  CALCULATE  THE  LIGHT  ELEMENTS 


Julian  Date(hel.) 

Epoch 

Weight 

O-C(days) 

2426033.251 

-; 

18798.0 

2 

+0.005 

27193.720 

-; 

17338.0 

2 

-0.010 

28249.2995 

-; 

16010.0 

2 

+0.0061 

29536.160 

-: 

14391.0 

2 

+0.002 

29650.612 

-; 

14247.0 

2 

-0.005 

40974. 8701 
.8694 
.8691 

0.0 
0.0 
0.0 

3 
3 
3 

-0.0006 
-0.0013 
-0.0016 

40979.6383 
.6385 
.6388 

+ 
+ 
+ 

6.0 
6.0 
6.0 

5 

5 
5 

-0.0015 
-0.0013 
-0.0010 

40998.7153 
.7149 
.7150 

+ 
+ 
+ 

30.0 
30.0 
30.0 

5 
5 
5 

-0.0010 
-0.0014 
-0.0013 

41000.7038 
.7039 
.7053 

+ 
+ 
+ 

32.5 
32.5 
32.5 

5 

5 
5 

+0.0004 
+0.0005 
+0.0019 

41016.6027 
.6022 
.6012 

+ 
+ 
+ 

52.5 
52.5 
52.5 

5 
5 
5 

+0.0023 
+0.0018 
+0.0008 

41028.5243 
.5260 
.5220 

+ 
+ 
+ 

67.5 
67.5 
67.5 

3 
3 
3 

+0.0011 
+0.0028 
-0.0012 

■•Observed  minus  calculated  time  of  minimum  predicted  from 
Kin  I  »  JD(hel.)  2440974.870?  +  0^79485183  •  E 
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It  is  apparent  from  Figure  22  that  the  times  of  secondeiry  inin- 
ImuH  are  displaced  from  a  linear  phase  of  O.5  "by  about  O.OO3.  This 
could  be  a  result  of  a  distortion  of  the  eclipse  (the  Hertzsprung 
routine  assumes  that  the  eclipse  is  geonietrlcally  symmetrical  in 
order  to  find  the  time  of  mid-eclipse)  or  a  true  displacement  of 
conjunction  in  phcLse.  Since  both  times  of  primary  and  secondary 
minimijun  were  used,  the  initial  epoch  is  not  adjusted  to  predict  the 
center  of  either  type  of  eclipse.  From  calculations  done  with  pri- 
mary eclipses  only,  it  has  been  foiind  that  appropriate  initial  e- 
poch  is  244097^.8696  while  that  necessary  to  accvirately  predict  the 
center  of  the  secondary  eclipse  is  2440974.8718. 

Color  Curves 

Using  the  light  elements  from  the  previous  section,  this  author 
calculated  the  phase  of  each  data  point.  The  colors  b-v  and  u-b 
were  calculated  and  plotted  as  a  function  of  phase.  The  results  are 
shown  in  Figures  23  and  24.  Although  the  scatter  was  large,  this 
system  seemed  to  become  redder  by  almost  0.1  magnitude  during  the 
primary,  however,  since  Struve  (1945)  found  that  the  components  were 
very  similar  in  spectral  type,  no  dramatic  changes  in  color  were 
expected. 

Li^ht  Curves 

Figures  25  through  2?  show  the  light  curves.  The  variations 
are  of  the  p  Lyrae-type,  i.e.,  continuous  variations  between  the  e- 
clipses  with  a  substantial  difference  in  their  depths.  The  eclipses 
appear  to  be  partial  since  there  are  no  times  of  constant  light. 
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It  is  appaxent  from  the  curves  that  there  was  a  pronounced 
periastron  effect.  That  is,  the  laaximum  at  a  phase  of  0?25  was  sev- 
eral hundredths  of  a  magnitude  "brighter  than  the  maximum  at  a  phase 
of  0.75'     One  possible  explanation  of  the  phenomenon  is  that  the 
stars  move  in  elliptical  orbits,  and  when  they  are  closest  (at  per- 
iastron passage),  the  reflection  effect  is  larger,  thus  causing  a 
net  brightening  of  the  system.  O'Connell  (1951)  has,  however,  shown 
that  this  explanation  is  not  adequate  in  many  cases.  A  quantitative 
measvireraent  of  this  effect  is  given  in  the  next  section. 

Rectification  of  the  Lip;ht  Curves 

The  yellow  light  curve  was  xxsed  to  find  the  Fourier  coeffi- 
cients by  applying  the  graphical  method  suggested  by  Kerrill  (1970), 
It  was  apparent  that  the  higher  order  cosine  terms  and  the  sine 
terms  were  sigiiificant,  and  therefore  a  least-squares  calculation 
to  find  the  Fourier  components  was  performed  throvigh  sine  and  cosine 
terms  of  the  fourth  order;  external  tajigency  was  assumed  to  occur 
at  e  =  ^+3  .  The  results  of  those  calculations  are  given  in  Table  18 
along  with  the  reflection  coefficients  calculated  from  the  theory 
and  the  values  of  Z  used  for  rectification  of  phase.  A  darkening  of 
0.6  on  both  stars  was  adopted. 

The  coefficients  of  the  sin  6  terms  (B  )  were  large  in  all 
cases.  They  describe  a  periastron  effect  of  0?028  in  the  yellow 
and  0.036  in  the  blue  and  ultraviolet. 

The  rectification  was  performed  as  discussed  in  the  previous 
chapter. 
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TABLE  18 


COEFFICIEIITS  USED  IN  THE  RECTIFICATION 
OF  THE  LIGHT  CURVES  OF  UZ  PUPPIS 


B, 


B, 


B, 


B, 


z  (0.6) 

C„ 


40.83205 

±0.00626 

-0.00423 

±0.00604 

-0.14116 
±0.00969 

+0.00212* 

±0.00313 

-0.00565 
±0.00421 

+0.01272 
±0.00104 

+0.00003* 
±0.00206 

-0.00436 
±0.00148 

-0.00310 
±0.00166 

+0.24850 

+0.03700 

+0.00423 


+0.81788 
±0.00680 

-0.01606 
±0.00669 

-0.17242 
±0.01054 

-0.01361 
±0.00346 

-0.01202 
±0.00462 

+0.01651 
±0.00117 

+0.00501 
±0.00227 

+0.00038* 
±0.00167 

+0.00069* 
±0.00205 

+0.29360 

+0.03600 

+0.01606 


u 

+0.84407 
±0.00774 

-0.00413 
±0.00763 

-0.12925 
±0.01196 

-O.OO5&4 
±0.00395 

-0.00163 
±0.00523 

+0.01636 
±0.00132 

+0.00232* 
±0.00260 

+0.00057* 
±0,00191 

+0.00020* 
±0.00234 

+0.22870 

+0.03560 

+0. 00413 


+0.01200 


+0.01200 


+0.01190 


*Set  equal  to  zero  in  rectification 
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Solutions  of  the  Light  Gxurves  of  UZ  Puppis 

The  rectified  data  was  fitted  with  the  x  functions  assuming  a 
darkening  coefficient  of  0.6.  A  study  of  the  nomographs  showed  that 
no  other  choice  of  detrkening  would  improve  the  simultaneous  fit  to 
the  primary  and  secondary  eclipses. 

It  was  apparent  from  the  outset  that  it  would  be  impossible  to 
achieve  a  satisfactory  fit  to  the  data  without  the  assumption  of  a 
third  light  in  the  system.  In  the  blue  the  third  light  necessarily 
assumed  constituted  37.9  percent  of  the  total  light  of  the  system.' 
Unfortunately,  the  assumption  of  third  light  is  not  an  uncommon  oc- 
ctirrence  in  the  solutions  of  close  binaries.  In  effect,  the  assump- 
tion of  third  light  amounts  to  adding  an  additional  degree  of  freedom 
to  the  model  so  that  almost  any  shape  can  be  fitted.  In  the  case  of 
UZ  Puppls,  however,  there  are  some  spectral  peculiarities  which  could 
be  Interpreted  in  terms  of  an  unresolved  third  staor  or  some  other 
source  of  light,  perhaps  in  the  binary  system  itself.  Such  an  inter- 
pretation, however,  would  be  begging  the  question  and  putting  a  great 
deal  of  reliance  upon  the  rectification  procedures.  The  "best"  solu- 
tions which  do  not  permit  the  existence  of  third  light  were  also 
found  and  are  plotted  in  Figxires  28  through  33.  The  best  solutions 
allowing  third  light  are  illustrated  by  solid  lines.  The  solutions 
are  sxiramairlzed  in  Tables  19  and  20.  The  results  are  similar  to  pre- 
liminary ones  given  eatrlier  by  this  author  (Bloomer,  1972b). 

In  order  to  find  the  deviation  of  the  theoretical  shape  from  the 
observed  data,  differences  between  the  theory  and  data  were  found 
over  the  entire  light  variation  in  each  color,  and  these  differences 
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TABLE  19 
ELEI-ENTS  OF  THE  SYSTK-i  UZ  PUPPIS 


ASSUT-UNG 

1^37^0 

V 

b 

u 

X      =   X 

s          g 

0.6 

0.6 

0.6 

k 

0.86 

0.86 

0.8if 

^0 

-0.90 

-0.90 

-0.93 

tr 

0.95^ 

0.95^ 

0.970 

oc 

0.972 

0.972 

0.98^+ 

^g 

0.38 

0.3^ 

0.40 

^s 

0.33 

0.29 

0.33 

i 

85?1 

85?6 

85?0 

5 

85?8 

e6?3 

85?6 

\ 

44?4 

38?4 

46?6 

a 

g 

0.38 

0.3^ 

0.40 

b 
g 

0.33 

0.28 

0.35 

a 

8 

0.33 

0.29 

0.33 

b 
s 

0.28 

0.24 

0.29 

a-b 
^°    a 

0.133 

0.160 

0.120 

0 

0.38? 

0.325 

0.410 

0 

0.215 

0.183 

0.253 

L 

e 

0.517 

0.if33 

0.566 

^s 

0.221 

0.188 

0.257 

•'g^s 

1.763 

1.676 

1.499 

b 

0.262 

0.379 

0.177 

13^ 


TABLE  20 


ELEMENTS  OF  THE  SYSTEiM  UZ  PUPPIS 
ASSUMING  L^=  0 


V 

b 

tt 

6     g 

0.6 

0.6 

0.6 

k 

0.80 

0.75 

0.85 

Po 

-0.60 

-0.50 

-0.60 

tr 

0.765 

0.700 

0.766 

oc 

0.816 

0.757 

O.809 

r 
g 

0.37 

0.34 

0.38 

r 
s 

0.30 

0.26 

0.32 

i 

78?9 

60?7 

79?3 

J 

80?4 

82?2 

80?6 

^e 

40?6 

3^?3 

43?4 

\ 

0.37 

0.34 

0.38 

b 
g 

0.32 

0.28 

0.33 

% 

0.30 

0.26 

0.32 

b 

s 

0.26 

0.21 

0.28 

a-b 
^"  a 

0.138 

0.164 

0.124 

o 

0.387 

0.325 

0.410 

i-^r 

0.215 

0.183 

0.253 

"■g 

0.736 

0.759 

0.688 

h 

0.264 

0.241 

0.312 

V'b 

1.833 

1.842 

1.564 
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vere  averaged  over  ten-degree  intervals.  These  calculations  were 
perforned  for  the  solutions  adnitting  third  light  as  well  as  for 
those  not  admitting  it.  The  results  are  shown  in  Tables  21  through 
26.   In  addition,  a  statistical  study  of  the  various  sections  of 
the  light  curves  is  given  in  Table  34  in  the  Appendix.  The  table 
shows  the  root-mean-squELre  deviations  of  the  data  from  the  theore- 
tically predicted  shape. 

It  was  apparent  from  the  X  functions  that  the  secondary  eclipse 
was  the  occultation  of  the  smaller  starj  however,  the  stars  do  not 
differ  greatly  in  size.  In  fact,  k  must  be  close  to  1.0  in  order 
for  the  inclination  to  be  so  large,  and  yet  only  partial  eclipses 
eire  observed.  As  the  limit  k  =  1.0  is  approached,  obviously  the 
inclination  must  be  strictly  ninety  degrees  in  order  that  the  e- 
clipses  may  be  complete. 

The  solutions  of  the  blue  and  yellow  light  curves  were  so  sim- 
ilar that  the  same  k's  and  p  's  were  finally  adopted.  The  ultra- 

o 

violet  light,  however,  was  solved  totally  independently,  and  a 
somewhat  different  solution  resulted. 

The  consistency  of  the  final  physical  parameters  of  the  three 
colors  lends  support  to  the  adoption  of  the  present  solutions  as 
an  acceptable  photometric  description  of  the  system. 
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TABLE  21 


AVERAGE  DIFFERENCES  OF  THE  OBSERVED  DATA  AM)  THE  THEORETICAL  SHAPES 
OVER  THE  YELLOV  {hj^   O)  LIGHT  CURVE  OF  UZ  PUPPIS 


Rectified  Li^ht 


Average  9* 

15?36 

23?73 

62?59 
75?08 
85?41 
95?69 
104?57 

115?77 
124?29 
135?19 
142?63 
155?35 
16^?63 
175?12 
185?39 
195?57 
205?31 
214?52 
22^?75 


Average(O-C)   n 

+0.007  4 

+0.016  5 

+O.011  5 

+O.002  6 

+0.001  7 

-O.OOif  11 

-0.002  11 

+0.006  12 

0.000  11 

-0.004  7 

+0.007  ^ 

-0.003  5 

-0.002  5 

-0.001  12 

+0.004  10 

-0.016  10 

+0.002  10 

-0.009  10 

+0.003  9 

-0.003  10 

-0.013  7 


Un-Rectified  LlKht 
Average  6    Average (O-C) 


4?72 

13?'^1 
23?60 

36?15 
59?16 
72?92 
84?71 

96?55 
106?68 


118?61 
128?18 
139?24 
146?49 
158?30 
166?76 
175?76 
184?68 

193?59 
202?30 
210?83 
220?70 


+0.005 
+0.012 
+0.009 
+0.002 
+0.001 
-0.004 
-0.002 
+0.006 
0.000 

-0.C05 

+0.006 

-0.002 
-0.002 
-0.001 

+0.003 

-0.012 
+0.001 
-0.007 
+0.002 
-0.002 
-0.011 
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TABIJ;  21  CONTINUED 


Rectified  Lipht 


Average  6'     Average (O-C)   n 


235?63 


5?! 


+0.009 


10 


zhy.^e  -O.OOS     8 


25^:76       +O.CO6     10 
266?36       -0.001      5 


275?27 

+0.001 

k 

276?07 

285?08 

-0.003 

8 

287?25 

295?12 

-0.001 

6 

298?39 

303?15 

-0.001 

h 

306?98 

315?82 

-0.019 

5 

319?86 

326?32 

-0.032 

4 

329?96 

335?20 

-0.003 

7 

338?17 

3^4?^2 

-0.009 

8 

346?40 

35^?67 

-0.007 

7 

355?36 

Un-Rectified  LJsrht 
Average  G  Average (0-C) 
231?74  +0.008 
242?35  -0.007 
252?56  +0.006 
265?8l  -0.001 
+0.001 
-0.003 
-0.001 
-0.001 
-0.016 
-0.026 
-0.002 
-0.007 
-0.005 
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TABLE  22 


AVERAGE  DIFFERENCES  OF  THE  OBSERVED  DATA  AliB   THE  THEORETICAL  SHAPES 
OVER  THE  YELLOW  (L^=  O)  LIGHT  CURVE  OF  UZ  PUPPIS 


Rectlfie.!  Li^ht 

—  >< 

Average  6'     Average (O-C)   n 

+0.012  4 

+0.020  5 

26?73        -0.001  5 

-0.003  6 

+0.001  7 

-0.004  11 

-0.002  11 

+0.006  12 

0.000  11 

-0.004  7 


5?^ 
15?36 


40?04 

62?59 

75?08 

85?41 

95?69 

104?57 


115?77 


124.29       +O.007  4 

135?19       -0.006  5 

142?63       -0.006  5 

155?35       -0.004  12 

164?83       +0.005  10 

-0.007  10 

+0.002  10 

-0.008  10 

-0.001  9 

214?53        -0.008  10 

-0.015  7 


175?12 
185?39 
195?57 
205?3l 


224?75 


Un-Rectified  Ll«cht 

Average  6 

Average (O-C ) 

4?72 

+0.009 

13?41 

+0.015 

23?60 

-0.001 

36?15 

-0.002 

59?16 

+0.001 

72?92 

-0.004 

84?71 

-0.002 

96?55 

+0.006 

106?68 

0.000 

118?61 

-0.005 

128?18 

+0.006 

139?24 

-0.005 

146?49 

-0.005 

158?30 

-0.003 

166?76 

+0.004 

175^76 

-0.006 

184?68 

+0.002 

193?59 

-0.006 

202?30 

-0.001 

210?83 

-0.007 

220?70 

-0.013 
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TABLE  22  CONTINUED 


Rectified  Li^ht 

Average  6'     Average (O-C)   n 

235?63        +0.009  10 

2^5?56        -0.008  8 

25^?76        +0.006  10 

-0.001  5 

+0.001  il*. 

-0.003  8 

-0.001  6 

-0.001  k 

-0.019  5 

326?32        -0.044  k 

-0.011  7 

-0.006  8 

-0.001  7 


266?36 
275?27 
285?08 
295?12 

303?15 
315?82 


335?20 


Un-Rectified  Lificht 


Average  9    Average (O-c) 
231?74       +0.008 
242?35       -0.007 


35^?67 


252?56 

+0.006 

265?81 

-0.001 

276?07 

+0.001 

287?25 

-0.003 

298?39 

-0.001 

306?98 

-0.001 

319?86 

-0.016 

329?96 

-0.035 

338?17 

-0.008 

y^%o 

-0.005 

355^6 

-0.001 

l^K) 


TABLE  23 


AVERAGE  DIFFERENCES  OF  THE  OBSERVED  DATA  AND  THE  THEORETICAL  SHAPES 
OVER  THE  BLUE  (L^j^  O)  LIGHT  CURVE  OF  UZ  PUPPIS 


Rectified 

Li£-ht 

Un-Rectified  Li^ht 

Average  6 ' 

Average (O-C) 

n 

Average  6 

Average  (( 

4?92 

+0.001 

5 

4?14 

+O.001 

15?l^ 

+0.007 

4 

12?82 

+0.005 

24?84 

+0.002 

k 

21?28 

+0.001 

3^?33 

0.000 

5 

29?88 

0.000 

48?25 

+0.003 

4 

43?3^ 

+0.002 

65?18 

+0.002 

6 

6l?20 

+0.002 

7^?95 

-0.001 

9 

72?27 

-0.001 

85?37 

+-0.001 

12 

84?50 

+0.001 

95?97 

+0.001 

10 

97?09 

+0.001 

10^?87 

+0.001 

12 

107?5l 

+0.001 

115?11 

-0.008 

6 

119?13 

-0.008 

123?89 

+0.003 

k 

128?63 

+0.003 

135?52 

-0.002 

6 

140?43 

-0.002 

142?62 

-0.006 

4 

147?28 

-0.005 

15^?7^ 

-0.009 

13 

158?35 

-0.007 

165?24 

+0.010 

11 

167?51 

+0.007 

Y^s'iSS 

-0.002 

8 

176?35 

-0.002 

185?60 

-0.001 

8 

1&'^?71 

0.000 

195?52 

-0.002 

10 

193?15 

-0.001 

205?37 

-0.003 

9 

201?74 

-0.002 

21^?17 

-0.003 

9 

209?72 

-0.002 
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TABLE  23  CONTINUED 


Rectified 

Light 

- 

Un-Rectlf  led  Llprht 

Average  9' 

Average  (O-C ) 

n 

Average  6 

Average  (O-C  ) 

22i^?l8 

-0.008 

8 

219?27 

-0.007 

235?37 

+0.009 

8 

230?62 

+0.008 

2i^5?^ 

-0.002 

8 

24l?48 

-0.002 

254?50 

-0.004 

10 

251?75 

-0.004 

264?89 

+0.013 

5 

263?93 

+0.013 

274?36 

-0.003 

5 

275?17 

-0.003 

285?04 

-0.001 

8 

287?71 

-0.001 

294?84 

-0.001 

6 

298?83 

-0.001 

302?80 

-0.001 

4 

307?46 

-0.001 

315?29 

+0.010 

5 

320?21 

+0.008 

325?80 

-0.001 

4 

330?23 

0.000 

33^?89 

+0.003 

7 

338?49 

+0.002 

3^?38 

0.000 

8 

346?77 

0.000 

35^?0i^ 

-0.002 

6 

354?97 

-0.001 
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TABLE  2J^ 


AVERAGE  DIFFEREITCSS  OF  THE  OBSERVED  DATA  AND  THE  TF-SORETIGAL  SHAPES 
OVER  THE  BLUE  (L^=  O)  LIGHT  CURVE  OF  UZ  PUPPIS 


Rectified  Llfrht 
Average  G'    Average (o-C)   n 

+0.005  5 

+0.009  4 

-0.012  4 

-0.007  5 

+0.003  4 

65?18        +0.002  6 

-0.001  9 

+0.001  12 

+0.001  10 

+0.001  12 

-0.008  6 

+0.003  l^ 

-0.002  6 

-0.008  4 


4?92 
15?14 
24?84 
34?33 
48?25 


74?95 
85?37 
95?97 
104?87 
115?11 
123?89 
135?52 


1J^2?62 


154?74 
165?24 

175?65 
185?60 

195?52 
205?37 
214?17 


-0.016  13 

+0.011  11 

-0.001  8 

+0.001  8 

-0.001  10 

-0.009  9 

-0.008  9 


Un-Rectlfied  Ll^ht 

/^erage  6 

Average (o-c) 

4?lif 

+0.003 

12?82 

+0.007 

21?28 

-0.009 

29?88 

-0.006 

43?34 

+0.002 

6l?20 

+0.002 

72?27 

-0.001 

8^-?50 

+0.001 

97?09 

+0.001 

107?51 

+0.001 

119?13 

-0.008 

128:63  +0.003 

li^%3  -0.002 

147?28  -0.006 

158?35  -0.012 

167?51  +0.008 

176?35  -0.001 


ie4?71 

193?15 
201?7if 

209?72 


+0.001 


-0.001 


-0.007 
-0.006 


1^3 


TAELE  2^  CONTINUED 


Rectified  Ll^ht 


Un-Rectifled  Llf^ht 


rer&ge  Q ' 

Average (O-C) 

n 

Average  9 

Average  (( 

224?18 

-0.008 

8 

219?27 

-0.007 

235?37 

+0.009 

8 

230?62 

+0.008 

245?^ 

-0.002 

8 

24l?i|8 

-0.002 

25^?50 

-0.00^ 

10 

251?75 

-0.004 

26^?89 

+0.013 

5 

263?93 

+0.013 

27^?36 

-0.003 

5 

275?17 

-0.003 

285?0^ 

-0.001 

8 

287?71 

-0.001 

Z9k°m 

-0.001 

6 

298?03 

-0.001 

302?80 

-0.001 

k 

307?^ 

-0.001 

315?29 

+0.010 

5 

320?21 

+0.008 

325?79 

-0.008 

4 

330?23 

-0.006 

33^?89 

-0.013 

7 

333?49 

-0.009 

3^?38 

+O.001 

8 

3^?77 

0.000 

35^?04 

+0.003 

6 

35^?97 

+0.002 

1^ 


TABLE  25 


AVERAGE  DIFFERENCES  OF  THE  OBSER^/ED  DATA  AND  THE  THEORETICAL  SHAPES 
OVER  THE  ULTRAVIOLET  (L^?^  O)  LIGHT  CURVE  OF  UZ  PUPPIS 


Rectifle:^.  Llp:ht 


Average  6* 

6?26 

16?26 

2^?32 

33?78 

^5?63 
63?01 
75?20 
85?11 
95?33 
104?03 

11^?18 
123?77 
135?^ 
143?02 
155?68 
165?36 

185?11 

195?3l 

205?51 
21-'^?66 


Average  (O-C  )   n 

+0.002  6 

-0.010  3 

+0.009  4 

-0.015  5 

-0.012  3 

+0.009  7 

-0.003  10 

-0.002  10 

-0.001  12 

+0.003  10 

-0.004  9 

-0.007  6 

0.000  k 

-0.018  6 

-0.006  12 

+0.004  11 

-0.008  9 

+0.005  9 

+0.016  10 

-0.001  10 

+0.007  9 


Un-Rectified  Ll^ht 
Average  9    Average (o-c) 


5?51 
14?3? 
21?66 
30?46 

41?93 

59?94 

73?27 

84?43 

96?05 
105?89 
117?06 
127?27 
139?08 
146?52 
158?34 
167?07 
176?27 
184?71 
193?53 
202?75 
211?28 


+0.002 
-0.008 
+0.007 
-0.012 
-0.011 
+0.009 
-0.003 
-0.002 
-0.001 
+0.003 
-0.004 
-0.006 
0.000 
-0.015 
-0.005 

+0.003 
-0.006 
+0.004 
+0.012 
-0.001 
+0.006 


l^i 


TABLE  25  COjrriNUED 


Rectified 

LiRht 

Average  G ' 

Average (O-G) 

n 

223?91 

-0.010 

7 

234?73 

+0.011 

9 

2^5?37 

-0.002 

9 

254?66 

-0.005 

9 

264?98 

+0.015 

.5 

274?92 

+0.007 

5 

285?51 

-0.012 

7 

294?52 

+0.004 

6 

303?'^8 

-0.002 

316?10 

-0.005 

4 

322?91 

-0.014 

3 

334?90 

-0.003 

9 

3^?80 

+0.001 

7 

35^?02 

-0.008 

7 

Un-J?ectJ.f led  Lif;ht 
Aver-^tge  G  Average(o-C) 

-0.009 
+0.010 

2m?:m  -0.002 

252?66  -0.005 

+0.015 


220?24 
231?17 


26/|?29 


275.59  +0.007 

257?52  -0.011 

297?43  +0.004 

306?96  -0.002 

319?78  -0.004 

326?40  -0.011 

337?62  -0.003 

346?58  +0.001 


354774 


-0.006 


1^6 


TABLE  26 


AVERAGE  DTJ'TERENCES  OF  THE  OBSERVED  DATA  Al^  THE  THEORETICAL  SHAPES 
OVER  TliE  ULTRAVIOLET  (L^=  O)  LIGHT  aTRVE  OF  UZ  PUPPIS 


Rectified  Ll^ht 


Average  6' 

Average (O-C) 

n 

Average  0 

Average  (( 

6?26 

+0.007 

6 

5?5l 

+0.005 

16?26 

-0.006 

3 

14?37 

-0.005 

24?32 

+0.001 

4 

21?66 

+0.001 

33?78 

-0.025 

5 

30?46 

-0.021 

^5?63 

-0.014 

3 

4l?93 

-0.012 

63?01 

+0.009 

7 

59?94 

+0.009 

75?20 

-0.003 

10 

73?27 

-0.003 

85?11 

-0.002 

10 

84?43 

-0.002 

95?33 

-0.001 

12 

96?05 

-0.001 

I0^i?03 

+0.003 

10 

105?89 

+0.003 

114?18 

-0.004 

9 

117?06 

-0.004 

123?77 

-0.007 

6 

127?27 

-0.006 

135%0 

-0.002 

4 

139?08 

-0.002 

l^5?0l 

-0.022 

6 

146?52 

-0.018 

155?68 

-0,007 

12 

158?34 

-0.006 

165?36 

+0.005 

11 

167?07 

+0.004 

175'!76 

-0.008 

9 

176?27 

-0.006 

185?11 

+0.005 

9 

184?7l 

+0.004 

195?31 

+0.017 

10 

193?55 

+0.013 

205?5l 

-0.002 

10 

202?75 

-0.001 

214?66 

+0.004 

9 

211?28 

+0.003 

1^7 


TABLE  26  CONTINUED 


Rectified  LiF:ht 


Un-Rectli'led  Ufcht 


Average  9 ' 

Average (O-C) 

n 

Average  6 

Average  (< 

223?91 

-0.013 

7 

220?24 

-0.011 

234?73 

+0.011 

9 

231?17 

+0.010 

245?37 

-0.002 

9 

242?^ 

"0.002 

25^?66 

-0.005 

9 

252?66 

-0.005 

264?98 

40.015 

5 

26J^?29 

+0.015 

274?92 

+0.007 

5 

275?59 

+0.007 

285?51 

-0.012 

7 

287?52 

-0.011 

29^?52 

+0.00^ 

6 

297?43 

+0.004 

303?^8 

-0.002 

5 

306?96 

-0.002 

316?10 

-0.010 

^ 

319?78 

-0.008 

322?91 

-0.025 

3 

326?40 

-0.021 

33^?90 

-0.011 

9 

337?62 

-0.009 

3^?80 

+0.006 

7 

3^?58 

+0.004 

35^?02 

-0.003 

7 

35^?7^ 

-0.003 
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Summary  of  Results  and  Suggestions  for  Further  Work 

The  eclipsing  hinaxy  UZ  Puppis  is  of  the  p  Lyrae-type  with  rela- 
tively deep  partial  eclipses.  The  light  curves  exhibit  a  moderate 
periastron  effect  and  a  secondary  eclipse  which  is  displaced  from  a 
phase  of  0?5,  defined  by  the  center  of  primary  eclipse,  by  about 
0,003.  The  period  of  the  system  does  not  seem  to  have  chained  signi- 
ficantly in  recent  decades;  the  period  calculated  from  times  of  mini- 
mum spanning  forty-one  years  is  0779^85183  ±  O^OOOOOOO'i  p.e. 

The  solutions  based  upon  the  Russell  model  require  the  assump- 
tion of  a  third  light  which  contributes  a  verj'  large  fraction  of  the 
total  light  of  the  system.  Tne  solutions  also  Indicate  that  the 
secondary  eclipse  is  an  occultation  of  a  smaller  star  although  the 
ratios  of  the  radii  indicate  that  the  stars  do  not  differ  greatly 
in  size. 

If  the  inclination  (j)  equals  to  85?9,  the  average  determined 
from  this  investigation,  then  the  masses  and  orbital  dimensions  of 
the  system  "based  upon  Struve's  radial  velocity  data  are 

H^  =1.10    , 


and 


Mg  =  i.ie   , 


a^  =  a^  =  1.6  X  10  km 


The  photometric  solutions  from  this  study  are  reasonably  defin- 
itive, and  fxirther  wide-band  photometry  is  not  warranted.  However, 
a  spectroscopic  study  with  a  large  aperture  telescope  would  be  worth- 
while to  improve  the  radial  velocity  information  and  investigate  the 
possibility  of  a  third  unresolved  star. 


APPENDIX 


150 

TABLE  27 
AA  CETI  OBSERVATIONS  IN  YELLOW 


JD  HEL 

PHASE 

Amag 

2440000+ 

1261.5983 

0.7792 

-0.739 

.6093 

0.7999 

-0.726 

.6298 

0.8381 

-0.701 

.6410 

0.8589 

-0.668 

.6520 

0.8795 

-0.646 

.6702 

0.9133 

-0.583 

.6913 

0.9526 

-0.-498 

.7025 

0.9736 

-0.449 

.7123 

0.9919 

-0.437 

.7239 

0,0134 

-0.446 

.7341 

0.0326 

-0,456 

.7450 

0.0528 

-0.496 

.7563 

0.0740 

-0,545 

.7667 

0.0933 

-0.585 

.7769 

0.1123 

-0.633 

.7862 

0.1298 

-0.653 

.7968 

0.1496 

-0.683 

.  8081 

0.1706 

-0.717 

1262.5761 

0.6030 

-0.640 

.5847 

0.6190 

-0.679 

.5931 

0.6346 

-0,707 

.5996 

0.6467 

-0.710 

.6057 

0.6582 

-0.706 

.6126 

0.6710 

-0.717 

.6197 

0.6843 

-0.717 

.6272 

0.6983 

-0.728 

.6351 

0.7131 

-0.737 

.6440 

0.7295 

-0.740 

.6524 

0.7452 

-0.738 

.6823 

0.8010 

-0.725 

.6924 

0,8198 

-0.719 

1264.5708 

0.3231 

-0.722 

.5781 

0.3369 

-0.713 

.5856 

0.3507 

-0.710 

.5929 

0,3644 

-0,709 

.6016 

0.3807 

-0.668 

.6085 

0,3936 

-0.669 

.6149 

0,4054 

-0.648 

.6212 

0,4173 

-0.637 

.6271 

0.4283 

-0.616 

.6330 

0,4391 

-0.601 

.6390 

0.4505 

-0,578 

.6459 

0.4632 

-0.566 

.6525 

0.4756 

-0.560 

.6586 

0.4869 

-0.553 

.6653 

0.4994 

-0.559 

.6719 

O.5118 

-0.559 

JD  KEL  PHASE  Amag 
2440000+ 

1264.6788  0.5247  -0,558 

.6854  0.5368  -0.547 

.6923  0,5497  -0.568 

.6988  0.5619  -0,587 

.7043  0,5721  -0.615 

.7157  0.5934  -0.654 

.7229  0.6069  -0.657 

1268.5936  0.8260  -0,715 

.6018  0.8413  -0.683 

.6135  0,8631  -0.658 

.6210  0.8770  -OMr/ 

.6299  0.8936  -0.623 

.6411  0.9145  -0.586 

.6574  0.9450  -0.506 

.6623  0.9541  -0.497 

.6648  0.9587  -0.482 

.6704  0.9692  -0.452 

.6738  0.9755  -0.445 

.6774  0.9823  -0.448 

.6838  0.9941  -0.438 

.6868  0.9998  -0.4 36 

.6934  0.0121  -0.437 

.6964  0.0178  -0.437 

.7039  0.0317  -0.451 

.7072  0.0379  -0.457 

.7140  0.0505  -0.495 

.7181  0.0583  -0.514 

.7254  0.0718  -0.547 

.7292  0.0789  -0.572 

.7372  0.0938  -0.601 

.7495  0.1168  -0.65^+ 

.7529  0.1230  -0.654 

.7611  0.1385  -0.683 

.7643  0.1444  -O.69I 

.7718  0.1584  -0.699 

.7840  0.1811  -0.723 

1281.5101  0,9161  -0,581 

.5179  0,9306  -0.544 

.5254  0.9448  -0.516 

.5337  0.9602  -0.470 

.5418  0.9752  -0.446 

.5532  0.9966  -0.441 

.5649  0.0183  -0.431 

.5709  0.0296  -0.443 

.5802  0.0469  -0.461 

.5904  0.0659  -0.527 

.6000  0.0838  -0.558 
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TABI£   2?  COhTI^fUED 


JD  HEL 

HIASE 

toag 

JD  HEL 

PHASE 

Amag 

2440000+ 

2440000+ 

1281.6100 

0.1024 

-0.605 

1563.9023 

0.5967 

-0.640 

.6166 

0.1148 

-0.635 

1565.7743 

0.0881 

-0.582 

.6269 

0.13^+0 

-0.651 

.  7817 

0.1020 

-0.621 

.6388 

0.1562 

-0.694 

.7880 

0.1137 

-0.625 

.6496 

0.1764 

-0.707 

.7961 

0.1288 

-0.663 

1315.5111 

0.3303 

-0.710 

.8039 

0.1434 

-0.657 

.5185 

0.3441 

-0.702 

.8192 

O.I718 

-0.697 

.5316 

0.3685 

-0.679 

.8310 

0.1939 

-0.715 

.5^47 

0.3929 

-0.659 

.8378 

0.2065 

-0.711 

.5562 

0.4145 

-0.627 

.8405 

0.2117 

-0.712 

.5587 

0.4191 

-O.618 

.8481 

0.2257 

-0.714 

.5638 

0.4285 

-0.609 

.8510 

0.2312 

-0.722 

.5723 

0.4444 

-0.590 

.8575 

0.2433 

-0.724 

.5780 

0.4551 

-0.562 

.8613 

0.2504 

-0.710 

.5806 

0.4600 

-0.5^1^8 

.8780 

0.2816 

-0.75^ 

.5867 

0.4714 

-0.5^+3 

.8858 

0.2962 

-0.751 

.5890 

0.4756 

-0.542 

.9144 

0.3495 

-0.690 

.5955 

0.4878 

-0.545 

1619.7876 

0.8266 

-0.701 

.5985 

0.4933 

-0.5^+9 

.7941 

0.8387 

-0.696 

.6046 

0.5046 

-0.545 

.8002 

0.8501 

-0.650 

.6069 

0.5090 

-0.536 

.8140 

0.8759 

-0.637 

.6121 

O.5187 

-0.549 

.8266 

0.899^^ 

-0.607 

.6145 

0.5231 

-0.537 

.8325 

0.910^+ 

-0.597 

.6196 

0.5326 

-0.558 

.8386 

0.9217 

-0.557 

.6222 

0.5375 

-0.566 

1620.6505 

0.4359 

-0.601 

.6279 

0.5481 

-0.566 

.6568 

0.4477 

-0.579 

.6309 

0.5537 

-0.573 

.7047 

0.5372 

-0.55^ 

.6341 

0.5598 

-0.583 

.7098 

0.5466 

-0.565 

.6393 

0.5694 

-0.599 

.7249 

0.5748 

-0.607 

.6419 

0.5743 

-0.609 

.7319 

0.5878 

-0.633 

.6460 

0.5834 

-0.616 

.7458 

0.6138 

-0.670 

.6546 

0.5980 

-0.641 

.7609 

0.6419 

-0.699 

.6628 

0.6132 

-0.664 

.7667 

0.6526 

-0.711 

1317.5121 

0.0624 

-0.521 

.  7724 

0.6633 

-0.709 

.51^+1 

0.0661 

-0.531 

.7817 

O.6806 

"0,719 

.5191 

0.075^ 

-0.562 

1630.5794 

0.95^0 

-0.475 

.5219 

O.O805 

-0.565 

.5835 

0.9617 

-0.455 

.5290 

0.0938 

-0.604 

.5889 

0.9719 

-0.444 

.5340 

0.1032 

-0.621 

.5946 

0.9824 

-0.446 

.5377 

0.1101 

-0.633 

.5994 

0.9913 

-0.445 

.5^23 

0.1186 

-0.642 

.6041 

0.0001 

-0.445 

1563.7793 

0.3673 

-0.678 

.6089 

0.0090 

-0.4^{2 

.7976 

0.4015 

-0.654 

.6132 

0.0172 

-0.437 

.8068 

0.4187 

"0.642 

.6186 

0.0271 

-0.449 

.8165 

0.4367 

-0.602 

.6241 

0.0374 

-0.465 

.82^,6 

0.4537 

-0.544 

.6262 

0.0413 

-0.474 

.  ^'-30 

0.4862 

-0.542 

.6307 

0.0497 

-0.499 

.8605 

O.5188 

-0.540 

.6360 

0.0597 

-0.517 

.8814 

"^.'j^ll 

-0,55^+ 

.6428 

0.0722 

-0.348 
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TABLE  27  COhUBWED 


JD  HEL 

PHASE 

Amag 

JD  HEL 

PHASE 

Anag 

2'!440000+ 

2440000+ 

1630.64^5 

0.077^ 

-0.561 

1630.75^6 

0.2807 

-0.725 

.6576 

0.0999 

-0.634 

.7606 

0.2920 

-C.718 

.6700 

0.1231 

-0.640 

.7660 

0.3021 

-0.703 

.68/+5 

0.1500 

-0.677 

.7711 

0.3116 

-0.708 

.6904 

0.1612 

-0.694 

.7773 

0.3231 

-O.7O8 

.6929 

0.1657 

-0.705 

.7847 

0.3369 

-0.699 

.699^ 

0.1779 

-0.700 

.7913 

0.3492 

-0.690 

.7056 

0.189^ 

-0.724 

1660.5431 

0.838'-i 

-0.704 

.7185 

0.2135 

-0.729 

.5571 

0.8646 

-0.648 

.72^14 

0.22iJ-5 

-0.718 

.5657 

O.8806 

-0.634 

.7363 

0.2467 

-0.732 

.5707 

0.8899 

-0.617 

.7^25 

0.2582 

-0.739 

.5762 

0.9002 

-0.593 

.7^90 

0.2704 

-0.726 

.5817 

0.9105 

-0.598 
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TABLE  28 

AA 

CSIl   OBSERVATIONS 

IN  BLUE 

JD  Klii 

PHASE 

M8g 

JD  HEL 

PHASE 

Mag 

2^140000+ 

2440000+ 

1261.5993 

0.7812 

-0.770 

1264.6795 

0.5260 

-0.578 

.610A 

0.8019 

-0.747 

.6861 

0,5383 

-0.574 

.6309 

0.84O1 

-0.724 

.6930 

0.5511 

-0,597 

.  6^+20 

O.86O8 

-0.692 

.6995 

0,5632 

-0,605 

.6531 

0.8815 

-0.662 

.7048 

0,5732 

-0.640 

.6716 

0.9160 

-0.619 

.7164 

0,5948 

-0.676 

.6928 

0.9555 

-0.482 

.7236 

0,6081 

-0.678 

.7035 

0.9755 

-0.450 

1268,5945 

0,8277 

-0.720 

.7133 

0.9937 

-0.432 

.  6026 

0,8427 

-0.705 

.7253 

0.0161 

-0.436 

.6143 

0.8646 

-0.674 

.7353 

0.03^^8 

-0.455 

.6216 

0.8781 

-0.658 

.7^63 

0.0553 

-0.511 

.6308 

0.8954 

-0.631 

.7576 

0.0763 

-0.567 

.6419 

0.9160 

-0.599 

.7679 

0.0956 

-0.614 

.6581 

0.9463 

-0,513 

.7780 

O.llJW- 

-0.658 

.6629 

0.9552 

-0.490 

.7871 

0.1314 

-0.656 

,6655 

0,9601 

-0.478 

.7982 

0.1521 

-0.717 

.6711 

0.9705 

-0.453 

.  8092 

0.1725 

-0.760 

.6746 

0.9771 

-0.447 

1262.5771 

0.6048 

-0.662 

,6782 

0.9837 

-0.438 

.  5858 

0.6211 

-0.706 

.68'^6 

0.9958 

-0.438 

.5939 

0.6362 

-0.734 

.6875 

0.0012 

-OMZ 

.6003 

0.6480 

-0.741 

,6940 

0.0133 

-0.450 

.6065 

0.6596 

-0.739 

.6973 

0.0194 

-0.451 

.613^ 

0.6724 

-0.741 

,7048 

0.0333 

-0.459 

.6205 

0.6857 

-0,753 

.7081 

0.0396 

-0.468 

.6282 

0.7001 

-0.753 

.7155 

0.0534 

-0.510 

.6360 

0.7147 

-0.764 

.7190 

0.0598 

-0.530 

.e^iU- 

0,7304 

-0.765 

.7262 

0.0732 

-0.571 

.6532 

0.7468 

-0.758 

.7302 

O.O807 

-0.592 

.6832 

0.8026 

-0.751 

.7387 

0.0967 

-0.626 

.6927 

0.820/+ 

-0.734 

.7503 

0.1182 

-0.668 

1262f.  573  5 

0.3245 

-0.752 

.7537 

0.1245 

-0.675 

.5789 

0.3383 

-0.744 

.7620 

0.1400 

-0.703 

.586ii 

0.3522 

-0.741 

.7652 

0.1461 

-0.710 

.5937 

0.3658 

-0.731 

.7729 

0.1604 

-0.716 

.6023 

0.3820 

-0,715 

.7850 

0,1829 

-0.731 

.6093 

0.3950 

-0.696 

1281. 5107 

0.9173 

-0.591 

.  6156 

0.4067 

-0.673 

.5188 

0.9324 

-0,552 

.6220 

0.U187 

-0.653 

.5262 

0,9462 

-0.514 

.6279 

0.4296 

-0.649 

.5344 

0.9615 

-0.462 

.6337 

0.4^04 

-0.636 

.5425 

0.9766 

-0.442 

.6398 

0.4520 

-0.595 

.5540 

0.9981 

-0,436 

.6^66 

0.4646 

-0.586 

.5656 

0.0197 

-0.432 

.6532 

0.4769 

-0.580 

.5716 

O.0308 

-0.445 

.6593 

0.4883 

-0.572 

.5808 

0.0480 

-0.477 

.6660 

O.50O8 

-0.587 

.5911 

0.0672 

-0,541 

.6728 

0.5135 

-0.562 

.6009 

0.085^- 

-0.587 
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TABLE  28  GOIiTIK^UED 


JD  HEL 

PHASE 

toag 

JD  HEL 

PHASE 

Mag 

2440000+ 

2440000+ 

1281.6107 

0.1038 

-0.613 

1563.9031 

0.59s83 

-0.671 

.6174 

0.1163 

-0.651 

1565.7752 

0.0898 

-0.605 

.6278 

0.1357 

-0.664 

.7823 

0.1031 

-0.647 

.6396 

0.1576 

-0.707 

.7890 

0.1155 

-0.660 

.6504 

0.1778 

-0.720 

.7968 

0.1302 

-0. 688 

1315.5117 

0.3315 

-0.738 

.8047 

0.1^<49 

-0.691 

.5192 

0.3454 

-0.730 

.8207 

0.1747 

-0.717 

.5322 

0.3697 

-0.696 

.8317 

0.1952 

-0.744 

.5^53 

0.3940 

-0.689 

.838^^ 

0.2077 

-0.739 

.5569 

0.4157 

-0.642 

.  mi-) 

0.2131 

-0.733 

.5593 

0.4202 

-0.630 

.8488 

0.2270 

-0.735 

.5643 

0.4295 

-0.626 

.8519 

0.2328 

-0.757 

.  '5728 

0.4455 

-0.603 

.85&J 

0.2449 

-0.747 

.5785 

0.4559 

-0.571 

.  8626 

0.2529 

-0.756 

.5812 

0.4611 

-0.561 

.8790 

0.2834 

-0.781 

.5873 

0.4723 

-0.561 

.8867 

0.2978 

-0.784 

.5896 

0.4768 

-0.561 

.9152 

0.3509 

-0.712 

.5960 

0.4887 

-0.566 

1619.7882 

0.8278 

-0.738 

.5991 

0.4943 

-0.571 

.7951 

0.8406 

-0.722 

.6051 

0.5057 

-0.566 

.8007 

0.8510 

-0.673 

.6074 

0.5098 

-0.554 

.8146 

0.8769 

-0.672 

.6127 

0.5197 

-0.563 

.8273 

0.9007 

-0.637 

.6150 

0.5240 

-0.557 

.8332 

0.9117 

-0.615 

.6202 

0.5338 

-0.572 

.8393 

0.9231 

-0.607 

.6228 

0.5387 

-O.58I 

1620.6510 

0.4369 

-0.620 

.6285 

0.5493 

-0.589 

.6575 

0.4491 

-0.595 

.6319 

0.5557 

-0.596 

.7052 

O.538O 

-0.572 

.6346 

0.5607 

-0.603 

.7101 

0.5472 

-0.580 

.6399 

0.5704 

-0.628 

.7256 

0.5761 

-0.633 

.6418 

0.5741 

-0.628 

.7328 

0.5894 

-0.652 

.6476 

0.5849 

-0.642 

.7464 

0.6148 

-0.689 

.6554 

0.5995 

-0.671 

.7616 

0.6431 

-0.703 

.6636 

0.6147 

-0.702 

.7732 

0.6648 

-0.735 

1317.5126 

0.0632 

-0.534 

.7823 

O.68I9 

-0.737 

.5149 

0.0676 

-0.546 

1630.5799 

0.9550 

-0.488 

.5198 

0.0768 

-0.578 

.5840 

0.9626 

-0.466 

.5225 

O.O817 

-0.591 

.5895 

0.9728 

-0.4^0 

.5294 

0.0947 

-0.633 

.5952 

0.9836 

-0.438 

.5352 

0.1053 

-0.652 

.5998 

0.9921 

-0.446 

.5382 

0.1110 

-0.666 

.6045 

0.0008 

-0.442 

.5^+29 

0.1197 

-0.679 

.6093 

0.0098 

-0.442 

1563.7799 

0.3685 

-0.713 

.6137 

0.0181 

-0.443 

.7985 

0.4032 

-0.680 

.6192 

0.0283 

-0.456 

.8092 

0.4231 

-0.649 

.6246 

0.038'+ 

-C.471 

.8175 

0.4386 

-0.626 

.6266 

0.0'  ?.0 

-0.478 

.  626-',^ 

0.4552 

-0.568 

.6313 

0.0509 

-0.507 

.8440 

0.4881 

-0.517 

.6367 

0.0610 

-0.536 

.8613 

0.5203 

-0.565 

.6436 

0.0739 

-0.570 

.8824 

0.5596 

-0.588 

.6462 

0.0786 

-0.582 

155 


TABLE   28  CONTIinJED 


JD  HEL 

PHASE 

Mag 

JD  HEL 

PHASE 

Amag 

2^140000+ 

2440000+ 

1630.6582 

0.1010 

-0.6^K3 

1630.7612 

0.2932 

-0.759 

.6707 

0.1243 

-0.694 

,ro(^5 

0.3030 

-0.745 

.6850 

0.1510 

-0.707 

.mi 

0.3127 

-0.743 

.6910 

0.1622 

-0.733 

,1113 

0.3244 

-0.729 

.6935 

0.1669 

-0.732 

.785'^ 

0.3382 

-0.727 

.6999 

0.1789 

-0.724 

.7918 

0.3503 

-0.721 

.7062 

0.1905 

-0.743 

1660.5^^35 

0.8391 

-0.737 

.7190 

0.2145 

-0.752 

.5580 

0.8662 

-0.693 

.7250 

0.2256 

-0.750 

.5662 

O.8SI5 

-0.659 

.7369 

0.2478 

-0.760 

.5712 

0.8907 

-0.663 

.7^31 

0.2594 

-0.759 

.5I0I 

0.9011 

-0.624 

.7^96 

0.2716 

-0.760 

.5823 

0.9115 

-0.606 

.7553 

0.2821 

-0.762 
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TABLE  29 
AA  CETI  OBSERVATIONS  IN  ULTRAVIOLET 


JD  HEL 

PHASE 

Aiaag 

JD  HEL 

PHASE 

Amaig 

2^^+0000+ 

244-0000+ 

1261.6004 

0.7832 

-0.706 

1264.6803 

0.5274 

-0.491 

.6116 

0.8C42 

-0.671 

.6868 

0.5396 

-0.512 

.6320 

0.8420 

-0.641 

.6937 

0.5523 

-0.532 

.6^131 

0.8629 

-0.613 

.7001 

0.5644 

-0.545 

.6542 

0.8836 

-0.596 

.7055 

0.5743 

-0.572 

.6727 

O.9I6O 

-0.526 

.7172 

0.5963 

-0.622 

.6939 

0.9576 

-0.388 

.7246 

0.6100 

-0.646 

.7045 

0.9773 

-0.356 

1268.5953 

0.8292 

-0.653 

.7143 

0.9956 

-0.349 

.603^f 

0.8443 

-0.644 

.7263 

0.0181 

-0.358 

.6151 

0.8661 

-O.6O8 

.7364 

0.0368 

-0.376 

.6222 

0.8793 

-0.588 

.7476 

0.0577 

-0.454 

.6317 

0.8970 

-0.567 

.7588 

0.0787 

-0.516 

.6426 

0.9174 

-0.515 

.7691 

0.0977 

-0.565 

.6586 

0.9472 

-0.443 

.7791 

0.1164 

-0.600 

.6635 

0.9564 

-0.415 

.7887 

0.1344 

-0.617 

.6662 

0.9615 

-0.403 

.7992 

0.1540 

-0.669 

.6720 

0.9721 

-0.367 

.8102 

0.1745 

-0.739 

.6755 

0.9788 

-0.361 

1262.5781 

0.6067 

-0.615 

.6790 

O.9B53 

-0.363 

.5869 

0.6230 

-0.671 

.6854 

0.9973 

-0.349 

.5948 

0.6378 

-0.684 

.6885 

0.0030 

-0.350 

.6011 

0.6496 

-0.683 

.6948 

0.0148 

-0.365 

.6072 

0.6610 

-0.675 

.6982 

0.0211 

-0.369 

.6142 

0.6740 

-0.686 

.7056 

0.0350 

-0.391 

.6213 

0.6872 

-0.686 

.7090 

0.0413 

-0.413 

.6290 

0.7017 

-0.696 

.7165 

0.0552 

-0.442 

.6368 

0.7161 

-0.695 

.7197 

0.0612 

-0.i-'f6z 

.6^^59 

0.7332 

-0.704 

.7271 

0.0750 

-0.501 

.6541 

0.7484 

-0.690 

.7312 

0.0827 

-0.530 

.6843 

0.8047 

-0.690 

.7393 

0.0987 

-0.577 

.6943 

0.8234 

-0.664 

.7511 

0.119s 

-0.609 

1264.5724 

0.3261 

-0.695 

.75^8 

0.1266 

-0.614 

.5798 

0.3400 

-0.672 

.7626 

0.1413 

-0.644 

.5672 

0.3537 

-0.668 

.7660 

0.1475 

-0.659 

.59'^ 

0.3672 

-0.656 

.7738 

0.1620 

-0.661 

.6031 

0.3834 

-0.6^+2 

.7860 

0.1849 

-0.678 

.6100 

0.3963 

-0.630 

1281.5115 

0.9187 

-0.516 

.6162 

0.4079 

-0.604 

.5195 

0.9337 

-0.491 

.6227 

0.4200 

-0.586 

.5270 

0.9476 

-0.441 

.6286 

0.4309 

-0.567 

.5352 

0.9629 

-0.390 

.6344 

0.4418 

-0.561 

.5^33 

0.9780 

-0.363 

.6407 

0.4535 

-0.527 

.55^9 

0.9997 

-0.363 

.6-474 

0.4661 

-0.515 

.5664 

0.0212 

-0.355 

.6540 

0.4784 

-0.514 

.5722 

0.0320 

-0.369 

.6602 

0.4900 

-0.510 

.5817 

0.0496 

-0.413 

.6668 

0.5022 

-0.504 

.5919 

0.0686 

-0.480 

.6738 

0.5152 

-0.499 

.6018 

0.0872 

-0.540 
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TABLE  29  COOTI^^UED 


JD  HEL 

PHASE 

Ameig 

JD  HEL 

PHASE 

Mag 

2^440000+ 

2440000+ 

1281.6114 

0.1050 

-0.574 

1563.9041 

0.6001 

-0.593 

.6181 

0.1176 

-0.593 

1565.7761 

0.0914 

-0.536 

.6286 

0.1371 

-0.610 

.7830 

0.1044 

-0.56? 

.6404 

0.1592 

-0.656 

.7899 

0.1172 

-0.592 

.6509 

0.1788 

-0.674 

.7978 

0.1320 

-0.615 

1315.5124 

0.3328 

-0.667 

.8056 

0.1465 

-0.610 

.5199 

0.3468 

-0.651 

.8217 

0.1765 

-0.660 

.5330 

0.3712 

-0.640 

.8325 

0.1967 

-0.664 

.5460 

0.395^ 

-0.635 

.8391 

0.2090 

-0.671 

.5515 

0.4169 

-0.572 

.8421 

0.2146 

-0,695 

>559Q 

0.4212 

-0.552 

.8495 

0.2284 

-0.682 

.56^9 

0.4307 

-0.548 

.8526 

0.2342 

-0.694 

.573'J- 

0.4^65 

-0.525 

.8592 

0.2465 

-0.677 

.5791 

0.4571 

-0.507 

.8639 

0.2552 

-0.692 

.5820 

0.4625 

-0.510 

.8801 

0.2855 

-0.690 

.5378 

0.4733 

-0.510 

.8877 

0.2996 

-0.719 

.5902 

0.4778 

-0.506 

.9159 

0.3523 

-0.641 

.5967 

0.4899 

-0.500 

1619.7890 

0.8292 

-0.650 

.5997 

0.4955 

-0.502 

.7957 

o.mi8 

-0.646 

.6057 

0.5067 

-0.491 

.8010 

0.8516 

-0.621 

.6079 

O.51O8 

-0.490 

.8152 

0.8781 

-0.612 

.6132 

0.5207 

-0.498 

.8280 

0.9020 

-0.561 

.6157 

0.5253 

-0.484 

.8339 

0.9129 

-0.556 

.6208 

0.5350 

-0.507 

1620.6515 

0.4379 

-0.54? 

.6235 

0.5400 

-0.510 

.6584 

O.4508 

-0.516 

.6291 

0.5504 

-0.528 

.7058 

0.5391 

-0.49? 

.632? 

0.5571 

-0.540 

.7105 

0.5^^80 

-0.519 

.6353 

0.5620 

-0.55'^ 

.7263 

0.5774 

-0.554 

.6406 

O.57I8 

-0.566 

.7333 

0.5904 

-0.586 

.6425 

0.5754 

-0.573 

.7471 

0.6162 

-0.630 

.6483 

0.5862 

-0.582 

.7626 

0.6450 

-0.641 

.6561 

O.60O8 

-0.612 

.7677 

0.6546 

-0.671 

.66^+5 

0.6163 

-0.631 

.7740 

0.6663 

-0.6?0 

1317.5131 

0.0641 

-0.458 

.7830 

0.6831 

-0.70? 

.5156 

0.0688 

-0.469 

1630. 58O5 

0.9561 

-0.393 

.5205 

0.0780 

-O.5O8 

.5843 

0.9632 

-0.377 

.5231 

0.0829 

-O.518 

.5903 

0.9744 

-0.367 

.5299 

0.0954 

-0.564 

.5958 

0.984? 

-0.352 

.5358 

0.1065 

-0.584 

\6003 

0.9930 

-0.350 

.5388 

0.1120 

-0.607 

.6048 

0.0014 

-0.351 

.5435 

0.1209 

-O.618 

.6098 

0.010? 

-0.342 

1563. 7806 

0.3698 

-0.630 

.6142 

0.0190 

-0.358 

.7994 

0.4048 

-0.588 

.6198 

0.0295 

-0.370 

.8104 

0.4253 

-0.550 

.6252 

0.0394 

-0.378 

.8163 

0.4401 

-0.552 

.6269 

0.042? 

-0.405 

.  827^ 

0.4570 

-0.527 

.6319 

0.0519 

-0.423 

.84^8 

0.4895 

-0.464 

.6378 

0.0631 

-0.463 

.  862^^ 

0.5223 

-0.482 

.6443 

0.0751 

-0.504 

.8838 

0.5622 

-0.519 

.6468 

0.0798 

-0.510 
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TABLE  29  COOTIMUED 


JD  HEL 

PHASE 

Mag 

2^*^^0000+ 

.630.6587 

0.1020 

-0.566 

.6714 

0.1256 

-0.600 

.6858 

0.1524 

-0.637 

.  6916 

0.1633 

-0.656 

.69^3 

0.1683 

-0.664 

.7006 

0.1801 

-0.648 

.7067 

0.1915 

-0.679 

.7197 

0.2158 

-0.678 

.7256 

0.2268 

-0.670 

.7377 

0.2^92 

-0.690 

JD  HEL 

PHASE 

Amag 

2440000+ 

1630.7438 

0.2607 

-0.695 

.7502 

0.2725 

-0.684 

.7560 

0.2833 

-0.689 

.7619 

0.2945 

-0.695 

.7670 

0.3039 

-0.676 

.7726 

0.3144 

-0.674 

.7786 

0.3255 

-0.655 

.7660 

0.3394 

-0.650 

.7925 

0.3515 

-0.643 
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TABLE  30 


STATISTICAL  STUDY  OF  THE  SOLUTIONS 
TO  THE  LIGHT  VARIATIONS  OF  AA  CETI 


RMS  Deviations  of  the  Observed  Data  froia  the  Theoretical  Solutions 
over  Portions  of  the  Lif;ht  Gurvs 


Yellow 

Primaxy 
1st  Majxinum 
Second  axy 
2nd  Maximxun 

Blue 

Primary 
1st  Kaximum 
Secondary 
2nd  Kaximum 

Ultraviolet 
Primary 
1st  Maximum 
Secondary 
2nd  Kaximum 


RMS 

Nu 

rr:ber  of 

Deviation 

Dat 

a  Points 

0.010? 

5^ 

0.0181 

(>5 

0.0165 

51 

0. 0130 

hz 

0.0119 

61 

0.0190 

61 

0.019^+ 

60 

0.0152 

35 

0.0108 

(>5 

0.0183 

55 

0.017^ 

60 

0.0189 

29 
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TA5LE  31 
UZ  PUPPIS  OBSERVATIONS  IN  YELLOW 


JD  HEL 

PHASE 

Ameg 

JD  HEL 

IHASE 

Aiaag 

2440000+ 

2440000+ 

0974.7871 

0.8948 

-0.109 

0998.5576 

0.8004 

-0.304 

.8025 

0.9142 

-0.023 

.5658 

O.8IO7 

-0.295 

.8103 

0.9240 

0.024 

.5700 

O.8I59 

-0.284 

.8196 

0.9357 

0.044 

.5783 

0.8264 

-0.261 

.8281 

0.9464 

0.115 

.5821 

0.8313 

-0.265 

.8369 

0.9575 

0.265 

.5898 

0.8409 

-0.233 

.8449 

0.9675 

0.378 

.5936 

0.6456 

-0.231 

.8522 

0.9768 

0.486 

.6023 

0.8566 

-0.224 

0979. 5918 

0.9396 

0.116 

.6071 

0.8627 

-0.205 

.6019 

0.9524 

0.221 

.6177 

0.8760 

-0.171 

.6105 

0.9631 

O.318 

.6219 

O.8813 

-0.153 

.6191 

0.9740 

0.420 

.6314 

0.8933 

-0.120 

.6277 

0.9848 

0.535 

.6346 

0.6973 

-0.100 

.6364 

0.9957 

0.589 

.6388 

0.9025 

-0.080 

.6462 

0.0080 

0.597 

.6571 

0.9256 

0.034 

.6^48 

0.0188 

0.463 

.6606 

0.9300 

0.042 

.6631 

C.0293 

0.361 

.6640 

0.9343 

0.069 

.6719 

0.0404 

0.221 

.6707 

0.9427 

0.138 

.6816 

0.0525 

0.141 

.6739 

0.9468 

0.161 

.6911 

0.0645 

0.090 

.6812 

0.9559 

0.244 

.6996 

0.0752 

0.004 

.6818 

0.9566 

0.246 

.7153 

0.0950 

-0.103 

.6931 

0.9709 

0.409 

.7269 

0.1096 

-0.145 

.6979 

0.9769 

0.473 

.7397 

0.1256 

-0.199 

.7021 

0.9822 

0.528 

.7484 

0.1366 

-0.213 

.7114 

0.9939 

0.625 

.7649 

0.1574 

-0.279 

.7160 

0.9997 

0.625 

.7739 

0.1687 

-0.299 

.7202 

0.0049 

0.594 

.7829 

0.1800 

-0.312 

.7327 

0.0207 

0.490 

.7918 

0.1912 

-0.313 

.7374 

0.0266 

0.401 

.7997 

0.2012 

-0.328 

.7496 

0.0419 

0.266 

.8081 

0.2118 

-0.353 

.7544 

0.0480 

0.191 

.8167 

0.2225 

-0.372 

.7680 

0.0651 

0.045 

.8256 

0.2337 

-0.366 

.7737 

0.0722 

-0.011 

.8347 

0.2452 

-0.356 

.7746 

0.0734 

-0.007 

.8438 

0.2566 

-0.381 

.7889 

0.0914 

-0.104 

.8526 

0.2678 

-0.376 

.8002 

0.1056 

-0.161 

.8679 

0.2669 

-0.346 

1000.5615 

0.3215 

-0.316 

.8772 

0.2986 

-0.335 

.5732 

0.3363 

-0.290 

098>4.6328 

0.2817 

-0.390 

.5933 

0.3614 

-0.252 

.<^39 

0.2957 

-0.367 

.6033 

0.3740 

-0.202 

.6556 

0.3104 

-0.332 

.6218 

0.3973 

-0.093 

.6659 

0.3233 

-O.3O8 

.6261 

0.4028 

-0.083 

.6764 

0.3365 

-0.263 

.6463 

0.4281 

-0.021 

.6869 

0.3497 

-C.263 

.6503 

0.4332 

0.008 

0998. 53S6 

0.7765 

-0.286 

.6601 

O.W55 

0.083 

.5440 

0.7833 

-0.289 

.6642 

0,4507 

0.112 

.5528 

0.7944 

-0.295 

.6749 

0.4642 

0.186 
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TABLE  31  COOTIlfUED 


JD  HEL 

IHASE 

Mag 

2440000+ 

1000.6795 

0.4699 

0.197 

.6891 

0.4821 

0.272 

.6935 

0.4876 

0.304 

.6944 

0.4887 

0,307 

.7119 

0.5107 

0.286 

.7220 

0.5234 

0.238 

.7269 

0.5296 

0.211 

.7402 

0.5464 

0.148 

.7474 

0.555^ 

0.090 

.7599 

0.5711 

-0.004 

.7654 

0.5781 

-0.032 

.7795 

0.5958 

-0.095 

.7850 

0.6027 

-0.111 

.8055 

0.6284 

-0.209 

1016.5458 

0.4313 

0.040 

.5500 

0.4366 

0.035 

.5588 

0.4476 

0.052 

.5631 

0.4530 

0.101 

.5673 

0.4584 

0.122 

.5752 

0.4683 

0.173 

.5946 

0.4926 

0.343 

.5989 

0.4980 

0.355 

.6137 

0.5167 

0.284 

.6172 

0.5211 

0.254 

.6211 

0.5260 

0.218 

.6284 

0.5352 

0.191 

.6327 

0.5406 

0.169 

.6366 

0.5^55 

0.156 

.6439 

0.5547 

0.072 

.6485 

0.5605 

0.069 

.6526 

0.5(^57 

0.005 

.6614 

0.5767 

-0.031 

.6654 

0,5817 

-0.048 

.6700 

0.5875 

-0.076 

.6785 

0.5982 

-0.100 

.6830 

0,6039 

-0.117 

.6912 

0.6142 

-0.172 

.6959 

0.6201 

-0.168 

.7144 

0.6^^34 

-0.232 

.7367 

0.6715 

-0.262 

.75^5 

0.6964 

-0.299 

1020.5756 

0.5011 

0.315 

.5800 

0.5066 

0.297 

.5881 

0.5169 

0.252 

.5920 

O.5218 

0.255 

.5993 

0.5310 

0.347 

.6027 

0.5352 

0.208 

.6098 

0.5442 

0.113 

.6222 

0.5598 

0.086 

JD  HEL 

HiASE 

2440000+ 

1020.6282 

0.5673 

.6355 

0.5765 

1028.5581 

0.5^39 

.5696 

0.5584 

.5746 

0.5646 

.5856 

0.5785 

.5907 

0.5849 

.6016 

0.5986 

.6073 

0.6059 

.6174 

O.6I85 

.6234 

0.6260 

.6349 

0.6405 

.6406 

0.6477 

.6530 

0.6633 

.6680 

0.6695 

.6691 

0.6836 

.6937 

0.7145 

.7212 

0.7491 

1380. 5453 

0.3777 

.5556 

0.3906 

.5586 

0.3944 

.56^^0 

0.4011 

.5665 

0.4043 

.5724 

0.4117 

.5747 

0.4147 

.5894 

0.4331 

.5917 

0.4361 

.5963 

0.4417 

.5989 

0.4451 

.6009 

0.^^476 

,6070 

0.4552 

.6095 

0.4584 

.6132 

0.4630 

.6182 

0.4693 

.6208 

0.4726 

.6234 

0.4759 

.6287 

0.4825 

.6320 

0.4867 

.6349 

0.4903 

.6409 

0.4979 

.6442 

0.5021 

.6501 

0.5095 

.6529 

0.5130 

1381.5^-57 

0.6363 

.5526 

0.6449 

.5558 

0.6489 

.5616 

0.6562 

.5647 

0.6601 

.5772 

0.6759 

tmsQ 


-0.035 

-0.073 

0.153 

0.046 

0.014 

-0.032 

-0.060 

-0.093 
-0.121 
-0.148 

-0.177 
-0.230 
-0.250 
-0.249 
-0.260 
-0.274 
-0.317 
-0.307 
-0.214 
-0.170 
-0.170 
-0.130 
-0.132 
-0.105 
-0.096 
0.008 
0.016 

0.027 
0.051 

0.055 
0.118 

0.137 

0.163 

0.191 

0.209 

0.232 

0.259 

0.270 

0.286 

0.290 

0.286 

0.286 

0.322 

-0.212 

-0.231 

-0.257 

-0.266 

-0.268 

-0.284 
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TABLE  31  COOTIIJUED 


JD  HEL 

HiASE 

Mag 

2^0000+ 

1381.5799 

0.6792 

-0.295 

.5824 

0.6824 

-0.281 

.5883 

0.6899 

-0.328 

.5912 

0.6935 

-0.320 

.59'44 

0.6975 

-0.310 

.6015 

0.7065 

-0.338 

.604^+ 

0.7101 

-0.311 

1383.5522 

0.1606 

-0.291 

.5606 

0.1712 

-0.329 

.5773 

0.1922 

-0.328 

.5822 

0.1983 

-0.347 

.5919 

0.2105 

-0.355 

.5960 

0.2157 

-0.358 

.6042 

0.2261 

-0.369 

.6073 

0.2299 

-0.369 

.6197 

0.2456 

-0.365 

.6226 

0.2492 

-0.362 

.6285 

0.2566 

-0.366 

.6310 

0.2598 

-0.372 

.6394 

0.2703 

-0.359 

.6425 

0.2743 

-0.357 

.6493 

0.2827 

-0.344 

.6523 

0.2866 

-0.352 

.6605 

0.2968 

-0.339 

.6632 

0.3002 

-0.336 

.6718 

0.3110 

-0.320 

.6813 

0.3231 

-0.300 

.6891 

0.3329 

-0.286 

.6968 

0.3425 

-0.273 

1661.7624 

0.1758 

-0.283 

.7718 

O.I876 

-0.315 

.7807 

0.1988 

-0.339 

.7853 

0.2046 

-0.358 

.7947 

0.2164 

-0.351 

JD  KEL 

PHASE 

2440000+ 

1661.8022 

0.2258 

.8052 

0.2296 

.8122 

0.2384 

.8154 

0.2424 

.8297 

0.2605 

.8324 

0.2638 

.8402 

0.2736 

.8411 

0.2748 

.8442 

0.2787 

.8523 

0.2889 

.8626 

O.30I8 

.8710 

0.3124 

.9018 

0.3512 

.9103 

O.3618 

1663.7220 

0.6412 

.7289 

0.6498 

.7606 

0.6897 

.7693 

0.7006 

.7760 

0.7090 

.7631 

O.718I 

.7901 

0.7269 

.7932 

0.7307 

.8010 

0.7^05 

.8042 

O.7V+6 

.6120 

0.7544 

.6153 

0.7586 

.8307 

0.7779 

.8390 

0.788'+ 

.8430 

0.7934 

.8513 

0.8038 

.8554 

0.8090 

.8673 

0.8239 

.8759 

0.8347 

.8848 

0.8^6o 

Mag 


-0.345 
-0.337 
-0.374 
-0.374 
-0.342 
-0.374 
-0.396 
-0.358 
-0.374 

-0.353 

-0.337 

-0.481 

-0.258 

-0.245 

-0.237 

-0.271 

-0.311 

-0.317 

-0.323 

-0.328 

-0.328 

-0.334 

-0.338 

-0.342 

-0.345 

-0.34b 

-0.334 

-0.313 

-0.311 

-0.309 

-0.288 

-0.287 

-0.259 

-0.240 
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TABLE  32 
UZ  PUPPIS  OBSERVATIONS  IN  BLUE 


JD  HEL 

HIASE 

Mag 

JD  HEL 

PHASE 

Mag 

2440000+ 

2440000+ 

0974.7877 

0.8955 

0.120 

0998. 5536 

0.7956 

-0.072 

.8031 

0.9149 

0.211 

.5584 

0.8014 

-0.067 

.8108 

0.9247 

0.283 

.5667 

O.8II9 

-0.052 

.8202 

0.9365 

0.350 

.5711 

O.8174 

-0.045 

.8290 

0.9475 

0.445 

.5790 

0.8274 

-0.035 

.8375 

0.9583 

0.544 

.5830 

0.8324 

-0.023 

.8455 

0.9683 

0.640 

.5908 

0.8421 

0.006 

.6528 

0.9775 

0.740 

.5945 

0.8468 

0.017 

0979.5925 

0.9405 

0.357 

.6033 

0.8579 

0.039 

.6026 

0.9532 

0.46^1 

.6079 

0.8637 

0.0^ 

.6112 

0.9640 

0.589 

.6185 

0.8770 

0.081 

.  6193 

0.9749 

0.723 

.6227 

0.8823 

0.087 

.62&^- 

0.9857 

0.851 

.6322 

0.8942 

0.144 

.6371 

0.9966 

0.897 

.6355 

0.8984 

0.151 

.6469 

0.0089 

0.866 

.6394 

0.9033 

0.168 

.6555 

0.0198 

0.748 

.6577 

0.9263 

0.28^ 

.6639 

0.0304 

0.634 

.  6614 

0.9310 

0.307 

.6726 

0.0413 

n.474 

.6646 

0.9350 

0.326 

.6830 

0.0544 

0.369 

.6713 

0.9435 

0.409 

.6924 

0.0661 

0.326 

.6747 

0.9477 

0.444 

.7002 

0.0760 

0.252 

.6823 

0.9573 

0.542 

.7160 

0.0959 

0.144 

.6829 

O.958I 

0.540 

.7278 

0.1107 

0.097 

.6939 

0.9719 

0.687 

.7404 

0.1265 

0.026 

.6988 

O.978O 

0.745 

.7491 

0.1375 

0.012 

.7029 

0.9832 

0.811 

.7657 

0.1583 

-0.057 

.7125 

0.9952 

0.901 

.7749 

0.1699 

-0.100 

.7168 

0.0007 

0.914 

.7836 

O.I8O9 

-0.069 

.7211 

0.0061 

0.8&+ 

.7928 

0.192'^ 

-0.125 

.7337 

0.0220 

0.725 

.8005 

0.2022 

-0.129 

.7383 

0.0277 

0.665 

.8089 

0.2128 

-0.126 

.7506 

0.0432 

0.497 

.8174 

0.2234 

-0.136 

.7557 

0.0496 

0.427 

.8265 

0.2349 

-0.148 

.7690 

0.0664 

0.286 

.8357 

0.2465 

-0.145 

^iibf^ 

0.0746 

0.231 

.8^+45 

0.2576 

-0.128 

.7%5 

0.0758 

0.243 

.8535 

0.2688 

-0.141 

.7900 

0.0927 

0.113 

.8687 

0.2880 

-0.119 

.8011 

0.1068 

0.063 

.8779 

0.2996 

-0.105 

1000.5622 

0.3224 

-0.086 

0984.6224 

0.2686 

-0.125 

.5721 

0.3349 

-0.02? 

.6336 

0.2827 

-0.154 

.5946 

0.3631 

0.003 

.6450 

0.2970 

-0.135 

.6043 

0.3753 

0.04? 

.6564 

0.3114 

-0.079 

.6226 

0.3984 

0.145 

.6667 

0.3243 

-0.0i^4 

.6270 

0.4039 

0.154 

.6771 

0.3374 

-0.008 

.6472 

0.4294 

0.235 

.6878 

0.3509 

-0,009 

.6512 

0.4344 

0.273 

0998.5395 

0.7776 

-0.076 

.6610 

0.i)466 

0.331 

.5^39 

0.7856 

-0.064 

.66-'^8 

0.4515 

0.359 

TABLE  32  COhTINUED 


JD  HEL 

PHASE 

Mag 

2^40000+ 

1000.6759 

0.4654 

0.413 

.6802 

O.47O8 

0.409 

.  6902 

0.4834 

0.490 

.6955 

0.4900 

0.520 

.6964 

0.4912 

0.526 

.7130 

0.5122 

0.513 

.7232 

0.5250 

0.474 

.7280 

0.5310 

0.455 

.7413 

0.5477 

0.355 

.7485 

^.55^1 

0.323 

.7610 

0.5725 

0.239 

.7666 

0.5796 

0.199 

.7809 

0.5975 

0.121 

.7860 

0.6039 

0.119 

.8068 

0.6301 

0.032 

1016.5465 

0.4321 

0.260 

.5509 

0.4377 

0.262 

.5597 

0.4487 

0.307 

.5641 

0.4543 

0.323 

.5682 

0.4594 

0.332 

.5760 

0.4693 

0.405 

.5954 

0.4937 

0.569 

.5996 

0.4990 

0.550 

.6143 

0.5175 

0.472 

.6180 

0.5221 

0.470 

.6218 

0.5269 

0.4'+8 

.6294 

0.5364 

0.389 

.6334 

0.5415 

0.379 

.6374 

0.5465 

0.347 

.6448 

0.5558 

0.301 

.6494 

0.5616 

0.294 

.6535 

0.5668 

0.234 

.6621 

0.5776 

0.191 

.6662 

0.5828 

0.179 

.6713 

0.5891 

0.163 

.6795 

0.5995 

0.118 

.6838 

0.6059 

0.130 

.6919 

0.6151 

0.076 

.6970 

0.6215 

0.109 

.7376 

0.6726 

-0.056 

.1^15 

0.6976 

-0.045 

1020.5764 

0.5021 

0.544 

.5807 

0.5075 

0.535 

.5890 

O.518O 

0.491 

.5926 

0.5226 

0.478 

.6000 

O.5318 

0.407 

.6032 

0.5359 

0.387 

.6106 

0.5452 

0.332 

.6231 

0.5609 

0.271 

JD  HEL 

PHASE 

Anag 

2^0000+ 

1020.6289 

0.5682 

0.190 

.6365 

0.5778 

0.194 

.6776 

0.6295 

0.042 

.6817 

0.6346 

0.059 

.6887 

0.6434 

0.086 

.6929 

0.6487 

0.118 

.6998 

0.6574 

0.070 

.7091 

0.6692 

-0.173 

.7187 

0.6811 

-0.052 

.7280 

0.6929 

-0.189 

1028.5591 

0.5451 

0.377 

.5707 

0.5597 

0.287 

.blbl 

0.5661 

0.260 

.5868 

0.5800 

0.201 

.5917 

0.5862 

0.172 

.6027 

0.6001 

0.139 

.6086 

0.6075 

0.109 

.6187 

0.6201 

0.084 

.6248 

0.6278 

0.069 

.6361 

0.6420 

0.012 

.6421 

0.6496 

0.001 

.6542 

0.6648 

-0.010 

.6591 

0.6709 

-0.003 

.6704 

0.6852 

-0.052 

.6949 

0.7160 

-0.081 

.7223 

0.7505 

-0.096 

1380. 5460 

0.3785 

0.039 

>55^t> 

0.3917 

0.081 

.5590 

0.3949 

0.088 

.5644 

0.4017 

0.120 

.5670 

0.4050 

0.119 

.5729 

0.4123 

0.142 

.5752 

0.4153 

0.166 

.5875 

0.4307 

0,236 

.5898 

0.4337 

0,240 

.5922 

0.4366 

0.259 

.5970 

0.4427 

0.282 

.5994 

0.4457 

0.291 

.6015 

0.4484 

O.3O8 

.6078 

0.4562 

0.347 

.6101 

0.4591 

0.364 

.6137 

0.4637 

0.376 

.6189 

0.4702 

0.418 

.6214 

0.4733 

0.433 

.6239 

0,4765 

0.455 

.6293 

0.4833 

0.490 

.6325 

0.4873 

0.504 

.6354 

0.4910 

0.463 

.6416 

0.4988 

0.516 
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TABLE  32  COIITIIiUSD 


JD  HEL 

HIASE 

Amag 

2^0000+ 

1380.6447 

0.5027 

0.506 

.6507 

0.5102 

0.5^3 

.6538 

0.5142 

0.581 

1381.5391 

0.6279 

0.041 

.5^66 

0.637'^ 

0.022 

.553^ 

0.6459 

-0.003 

.5564 

0.6498 

-0.008 

.5622 

0.6570 

-0.018 

.5655 

0.6611 

-0.031 

.5779 

0.6768 

-0.048 

.5805 

0.6800 

-0.045 

.5830 

0.6832 

-0.036 

.5890 

0.6907 

-0.076 

.5920 

0.6945 

-0.081 

.5953 

0.6987 

-0.062 

.6020 

0.7071 

-0.095 

.6053 

0.7113 

-0.039 

1383.5530 

0.1616 

-0.070 

.:^614 

0.1721 

-0.104 

.5782 

0.1933 

-0.117 

.5830 

0.1993 

-0.122 

.5927 

0.2115 

-0.134 

.6049 

0.2269 

-0.144 

.6080 

0.2308 

-0.138 

.6204 

0.2464 

-0.137 

.6232 

0.2499 

-0.147 

.6291 

0.2573 

-0.146 

.6315 

0.2604 

-0.154 

.  6401 

0.2711 

-0.133 

.6433 

0.2752 

-0.135 

.6500 

0.2836 

-0.122 

.6530 

0.2875 

-0.115 

.6604 

0.2968 

-0.114 

.6638 

0.3010 

-0.106 

.6726 

0.3121 

-0.083 

.6821 

0.3241 

-0.069 

.6899 

0.3338 

0.026 

.6975 

0.3434 

0.048 

JD  HEL 

PHASE 

Aiaa^ 

2440000+ 

1661. 76>4 

0.1770 

-0.087 

.7732 

O.I894 

-0.124 

.7817 

0.2001 

-0.117 

.7863 

0.2058 

-0.113 

.7958 

0.2178 

-0.153 

.8029 

0.2267 

-0.135 

.8058 

0.2304 

-0.143 

.8130 

0.239^ 

~0.l4i< 

.8164 

0.2437 

-0.139 

.  8304 

0.2613 

-0.114 

.8331 

0.2647 

-0.134 

.8421 

0.2760 

-0.108 

.8448 

0.279^ 

-0.108 

.8533 

0.2902 

-0.105 

.8638 

0.3033 

-0.093 

.8718 

0.313^^ 

-0.093 

.8948 

0.3^24 

-0.035 

.9028 

0.3524 

-0.018 

.9110 

0.3628 

0.012 

1663.7228 

0.6421 

0.001 

.7623 

0.6919 

-0.057 

.7698 

0.7013 

-0.057 

.7768 

0.7ICI 

-0.079 

.7841 

0.7193 

-0.107 

.7908 

0.7278 

-0.10^1 

.7939 

0.7316 

-0.107 

.8017 

0.7'U4 

-0.126 

.8050 

0.7456 

-0.125 

.  8127 

0.7553 

-0.115 

.8161 

0.7595 

-0.091 

.8315 

0.7789 

-0.120 

.8398 

0.7894 

-0.111 

.8^137 

0.79^3 

-0.087 

.8521 

0.8049 

-0.102 

.8568 

O.8IO7 

-0.082 

.8682 

0.8250 

-0.069 

.8770 

0.8362 

-0.035 

.88^3 

0.8479 

-0.018 
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TABLE  33 
UZ  PUPPIS  OBSEEVATIONS  IN  ULTRAVIOLET 


JD  HEL 

PHASE 

Amag 

JD  HET, 

PHASE 

Amag 

2^^0000+ 

2440000+ 

097^.7883 

0.8963 

0.090 

0998.55^9 

0.7970 

-0.081 

.8036 

0.9156 

0.182 

.5594 

0.8027 

-0.073 

.8115 

0.9255 

0.231 

.5676 

0.8130 

-0.074 

.8208 

0.9372 

0.325 

.5722 

0.8188 

-0.065 

.829^ 

0.9^81 

0.422 

.5799 

0.8285 

-0.067 

.8381 

0.9590 

0.476 

.5838 

0.833^ 

-0.070 

.&+62 

0.9692 

0.589 

.5915 

0.8431 

-0.046 

.8533 

0.9781 

0.675 

.5955 

0.8481 

-0.024 

0979.5933 

0.9^1^ 

0.396 

.6042 

0.8590 

-0.006 

.6033 

0.95^1 

0.478 

.6088 

0.8648 

0.004 

.6120 

0.9651 

0.633 

.6195 

0.8783 

0.043 

.6206 

0.9758 

0.745 

.6237 

0.8836 

0.035 

.6291 

0.9865 

0.857 

.6328 

0.8950 

0.097 

.6379 

0.9975 

0.922 

.6369 

0.9001 

0.125 

.6!f76 

0.0098 

0.870 

.6402 

0.9043 

0.131 

.6562 

0.0206 

0.753 

.6583 

0.9271 

0.226 

.66^7 

0.0313 

0.646 

.6623 

0.9321 

0.278 

.6747 

0. 0^+39 

0.486 

.6654 

0.9361 

0.294 

.6837 

0.0552 

0.329 

.6721 

0.9444 

0.366 

.6931 

0.0670 

0.273 

.(>755 

0.9487 

0.399 

.7009 

0.0768 

0.217 

.6836 

0.9589 

0.493 

.7167 

0.0967 

0.105 

.6843 

0.9598 

0.515 

.7295 

0.1128 

0.037 

.6948 

0.9730 

0.634 

.7^11 

0.127^ 

0.002 

.6997 

0.9791 

0.706 

.7500 

0.1386 

-0.025 

.7039 

0.9844 

0.763 

.766!^ 

0.1593 

-0.100 

.7133 

0.9963 

0.838 

.7755 

0.1707 

-0.130 

.7178 

0.0019 

0.826 

.7^7 

0.1823 

-0.099 

.7222 

0.0075 

0.822 

.793^ 

0.1933 

-0.124 

.73^7 

0.0231 

0.645 

.8012 

0.2030 

-0.145 

.7392 

0.0288 

0.589 

.8097 

0.2137 

-0.139 

.7517 

0.0446 

0.429 

.8180 

0.2242 

-0.133 

.7567 

O.O5O8 

0.369 

.8273 

0.2359 

-0.144 

.7701 

0.0677 

0.245 

.8366 

0.2475 

-0.145 

.7777 

0.0773 

0.185 

.^53 

0.2586 

-0.149 

.77^ 

0.0785 

0.215 

.85^+2 

0.2697 

-0.170 

.7908 

0.C938 

0.118 

.8695 

0.2890 

-0.147 

.8031 

0.1093 

0.055 

.8788 

0.3007 

-0.111 

1000.5632 

0.3237 

-0.127 

098^4-.  6237 

0.2702 

-0.145 

.5746 

0.3379 

-0.116 

.6345 

0.2837 

-0.186 

.5955 

0.3643 

-0.030 

.6/459 

0.2982 

-0.158 

.6053 

0.3766 

-0.014 

.6575 

0.3128 

-0.097 

.6236 

0.3997 

0.089 

.6675 

0.3253 

-O.C65 

.6279 

0.4051 

0.083 

.6780 

0.3386 

-0.035 

.6481 

0.4304 

0.194 

.6887 

0.3520 

-0.048 

.6523 

0.4357 

0.207 

0998.5^07 

0.7792 

-0.112 

.6621 

0.4481 

0.305 

.5^+69 

0.7869 

-0.083 

.6664 

0.4535 

0.320 
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TABLE  33  COCTINTJED 


JD  HEL 

PHASE 

Ama^ 

JD  HEL 

PHASE 

Mag 

2^0000+ 

2440000+ 

1000.6768 

0.4665 

0.376 

1020.6240 

0.5620 

0.255 

.  6811 

0.4720 

0.424 

.6296 

0.5691 

0.166 

.6911 

0.4846 

0.501 

.6373 

0.5788 

0.113 

.6976 

0.4927 

0.544 

1028.5599 

0.5461 

0.339 

.6984 

0.4937 

0.511 

.5717 

0.5610 

0.235 

.7139 

0.5132 

0.494 

.5774 

O.568I 

0.269 

.7244 

0.526^+ 

0.465 

.5882 

O.58I8 

0.131 

.7291 

0.5324 

0.411 

.5927 

0.5875 

0.121 

.7445 

O.5518 

0.309 

.  6042 

0.6018 

0.077 

.7494 

0.5578 

0.291 

.6099 

0.6090 

0.062 

.7624 

0.5743 

0.188 

.6199 

0.6217 

0.028 

.7690 

0.5826 

0.143 

.6260 

0.6294 

0.015 

.7819 

0.5988 

0.100 

.6373 

0.6435 

-0.037 

.7868 

0.6050 

0.073 

.6428 

0.6504 

-0.032 

.8077 

0.6313 

0.032 

.6552 

0.6661 

-0.045 

1016.5474 

0.4333 

0.227 

.6605 

0.6728 

-0.041 

.5517 

0.4387 

0.240 

.6719 

0,6871 

-0.088 

.5606 

0.4499 

0.275 

.6962 

0.7177 

-0.100 

.5650 

0.4554 

0.297 

.7233 

0.7517 

-0.129 

.5690 

0.4605 

0.326 

1380.5480 

0.3810 

0.007 

.5768 

0.4703 

0.406 

.5570 

0.3924 

0.064 

.5962 

0,4947 

0.577 

.5594 

0.395^ 

0.055 

.6004 

0.5000 

0,5^3 

.5651 

0,4026 

0.109 

.6149 

O.5183 

0.468 

.5^15 

0.4056 

0.113 

.6189 

0.5233 

0.402 

.573^ 

0.4130 

0.126 

.6224 

0.5277 

0.450 

.575Q 

0.4160 

0.162 

.6303 

0.5376 

0.327 

.5880 

0.4313 

0.233 

.6343 

0.5427 

0.312 

.5904 

0.4344 

0.243 

.6381 

0.5474 

0.338 

.5926 

0.4372 

0.240 

.6459 

0.5572 

0.249 

.5975 

0.4433 

0.259 

.6503 

0.562s 

0.271 

.6001 

0.4466 

0.285 

.6543 

0.5678 

0.253 

.6021 

0.4491 

0.309 

.6627 

0.5784 

0.184 

.6084 

0.4570 

0.336 

.6669 

0.5837 

0.161 

.6111 

0.4604 

0.363 

.6719 

0.5900 

0.140 

.6141 

0.4642 

0.399 

.6804 

0.6007 

0.102 

.6196 

0.4711 

0.437 

.6846 

0.6059 

0.120 

.6219 

0.4741 

0.434 

.6927 

0.6161 

0.071 

.6244 

0.4772 

0.436 

.6980 

0.6228 

0.078 

.6299 

0.4841 

0.479 

.7163 

0.6458 

-0.034 

.6331 

0.4881 

O.5O8 

.7386 

0.6739 

-0.023 

.6361 

O.4918 

0.509 

.7583 

0.6986 

-0.046 

.6428 

0.5003 

0.519 

1020,5771 

0.5030 

0.507 

.6453 

0.5035 

0.523 

.5814 

O.5O85 

0.501 

.6511 

O.5108 

0.531 

.5896 

O.5188 

0.482 

.6553 

0.5161 

0.542 

.5934 

0.5235  . 

0.487 

1381.5400 

0.6291 

0.124 

.6007 

0.5327 

0.369 

.5^73 

0.6382 

-0.002 

.6038 

0.5366 

0.278 

.55^2 

0.6469 

-0.034 

.6114 

0.5462 

0.340 

.5571 

0.6506 

-0.032 
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TABLE  33  CONTINUED 


JD  KEL 

PHASE 

Mag 

24'+0000+ 

1381. 5629 

0.6578 

-0.040 

.5660 

O.66I8 

-0.056 

.5784 

0.6774 

-0.064 

.5810 

0.6807 

-0.050 

.5835 

0.6838 

-0.056 

.5896 

0.6915 

-0.092 

.5928 

0.6955 

-0.075 

.5960 

0.6995 

-0.074 

.6026 

0.7C78 

-0.101 

.6062 

0.7123 

-0.052 

1383.55^1 

0.1630 

-0.081 

.5622 

0.1732 

-0.116 

.5796 

0.1951 

-0.120 

.5838 

0.2003 

-0.134 

.5936 

0.2127 

-0.135 

.5974 

0.2174 

-0.133 

.6057 

0.2279 

-0.158 

.6211 

0.2^*73 

-0.166 

.6237 

0.2506 

-0.142 

.6296 

O.258O 

-0.155 

.6322 

0.2613 

-0. 153 

.6409 

0.2722 

-0.1^-4 

.6442 

0.2764 

-0.134 

.6510 

O.2&49 

-0.132 

.6541 

0.2888 

-0.142 

.  6611 

0.2976 

-0.120 

.6649 

0.3024 

-0.106 

.6743 

0.3142 

-0.086 

.6830 

0.3252 

-0.058 

.6905 

0.3346 

-0.068 

.6983 

0.3444 

-0.037 

1661.7645 

0.1784 

-0.120 

.7742 

0.1906 

-0.110 

.7833 

0.2020 

-0.147 

.7874 

0.2072 

-0.144 

JD  HEL 

PHASE 

Amag 

2440000+ 

1661.7967 

0.2189 

-0.131 

.8036 

0,2276 

-0.139 

.8O65 

0.2313 

-0.165 

.8136 

0.2402 

-0.161 

.8171 

0.2446 

-0.177 

.8309 

0.2620 

-0.159 

.8338 

0.2656 

-0.159 

.8428 

0.2769 

-0.142 

.8454 

0.2802 

-0.146 

.8545 

0.2917 

-0.125 

.86^7 

0.3045 

-0.120 

.8725 

0.3143 

-0.123 

.8958 

0.3436 

-0.056 

.9034 

0.3532 

-0.04^ 

.9118 

0.3637 

0.004 

1663.7235 

0.6^+31 

-0.015 

.7631 

0.6929 

-0.084 

.7705 

0.7022 

-0.098 

.7775 

0.7109 

-0.094 

.7849 

0.7203 

-0.134 

.7916 

0.7287 

-0.139 

.7947 

0.7326 

-0.116 

.8026 

0.7425 

-0.136 

.8058 

0.7466 

-0.131 

.8135 

0.7562 

-0.129 

.8170 

0.7607 

-0.128 

.8323 

0.7800 

-0.131 

.8410 

0.7908 

-0.106 

.8443 

0.7950 

-0.091 

.8532 

O.8O62 

-0.090 

.8579 

0.8121 

-0.072 

.8690 

0.8260 

-0.079 

.8781 

0.8375 

-0.060 

.8866 

0.8/4-82 

-0.014 
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TABLE  3^ 


STATISTICAL  STUDY  OF  THS  SOLUTIONS 
TO  THE  LIGHT  VABIATIOMS  OF  UZ  PUFPIS 


WiS   Deviations  of  the  Observed  Data  fron  the  Thsoretical  Solutions 
over  Portions  of  the  Light  Curve 


Yellow 

Primary 
1st  Maximum 
Secondary 
2nd  MaximuH 


RMS 

Number  of 

Deviation 

Data  Points 

0.0178 

^5 

0.0116 

67 

0.0153 

83 

0.0121 

62 

Blue 


Primary 
1st  Maximum 
Secondary 
2nd  Maximum 


0.0100 

ifO 

0.0129 

74 

0.0143 

69 

0.0136 

69 

Ultraviolet 
Primary 
1st  Maximum 
Secondary 
2nd  Majcimum 


0.0178 

48 

0.0153 

67 

0.02^3 

83 

0.0139 

39 
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